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ABSTRACT : 

PROBLEM TO BE SOLVED: To increase the MR ratio in practice obtainable of 

the 

element as a whole, when compared with a conventional case in a 
conventional 

case in an magnetoresistive effect element with a CPP structure which uses 
spin 

valve film. 

SOLUTION: A magnetoresistive effect element 2 includes a 
magnetoresistive 

effect layer deposited between electrodes 21 and 28. The magnetoresistive 
effect layer includes a nonmagnetic layer 25, a pinned layer 24 and a free 
layer 26 with the nonmagnetic layer 25 in between, and a pin layer 23 at 
the 

pinned layer 24 on the side opposite to the free layer 23. The pin layer 
23, 

having a prescribed thickness, is formed in a region overlapped 
substantially 

with an active region in a film face direction, in which a current is 
carried 
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in an almost vertical direction to the film face between the electrodes 21 
and 

28, and is formed continuously with the substantially same thickness as the 
prescribed thickness or with a smaller thickness from the region overlapped 
substantially with the active region to the other region which does not 
overlap 

the active region. 
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Knags i nm®<?)m&m&b tiK»n(cx«$nAaft 
^sMt-^stottyh'Jik, inflate h'jfot5ie# 

BttA k \i5&t<r>9&mj8.2tit:V>m b . 
tcfev ^ KB k 8S * SK^*(6HcmS&!) J SE^-I.KB^(6] 

Wii»iWSkS6««fcHtJPSTXI4WiEJ«ie 

. finest* i amxttttENt 2 cosso-^ffitc 

miiWtoffl&bmmizm%zm®fcm-ox . 

hhww ] msa^< b i> 1 mmi, mmm& 
1 mm&mz-k&z b tmkt-ti it* 

tsz b iw&b^hni^3x\i4imn®mxm& 

imx 6 1 mmmma. mmwmb mum 
izmzimncokizBtfLiititzz. b mw.b-fhmim 
im. 5 co\. ^tHztmcommffihm?. 

im*m 7 ] iwfE7 U -JBJi % ffliSfttftffiW J: 
fcfi££Si£o*fc:jBf££ft£,r k 5r»ffik-fl.if«3l 

1 fts 6 <ov »-m^tEa««sttai3»jia». 

[IS^JS8] MEtyieJiat. ffrlS^fSigkHBtt 

1 m. 7 cr>\ ^^Mzimn®mm)%m=i-. 

IfS*^] miKy®t>K PtMn s IrMn. R 
uRhMn, FeMn, NiMn, PdPtMn, Rh 
Mn. CrMnPt, -E-CDf&OM n ft 



(2) 1^2003-60262 

2 

1 m$m 1 0 ] m»<D-u<nmmizB^ titim 1 <r> 

SSk, 

friem 1 ossoitnea* k fiR Jtffli^m $ 

JgiaS&HJSk, 
2 

MieasyginS&iyiii . 7 u - ji k . m y -jfofrie 
s 1 ov&ncft&s 1 oiHKttJi k , as 1 <o 
10 imvmvmminnimi.zmtfLZtit&invvv 
mb. w&invyYmtnmffiimjmizmsti 
tcmiwvmb. w.y^-m<r>ma^2<7iwmizB 
i&.$ht:m2<7)im&mb, w^2mm&m<r>m^ 

y wmi&2<rwmwm. £ii*:as2 nty® 

b. 

MiemioBSki9idm2cosfiikwratfcv^ 
20 flttJ:£fttt(ca&«m*£. m^ons testis 

ite»l* $ k JtKttizBI t if $ ■t'Xlifiif £«if$g«£3 i 

z b zmitrimsmmiammT-. 

ffl*<. mmtr^vmic. Miemi^««ixiiiirtes2 

30 [fff*Jli2] tmmi<7)W&btmi2<r>W&b<D 
BkSiffl{c«(6i-ri.B»g^«rfi]ffik«rat. ^< 

kt1?i£*^^k*®W^*5:Sfa«(=ig^T. ffiB 

'>=sr< k t> 1 mm b mmrnrs b ora*<g£fc<iii& 
«f®ki-sis^3Bi oxm netto«stsms!;sig 

at/»2^Hse«, 15157 v-Bsixfiiamiaixs 

40 20tyK^d^OV^AHO«W^^locofll 
j£fl^tfClk5r«g![k-rai««iSl 2ieKO®Lm«6i 

^dk^^sk-rait^ai 2xm 3i?m<?>®$& 
bh-m. msiimmbmmizmzinmmz 
50 im&ibi «fE7U-«i. ifrs^»a^kn« 
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iwm 1 7 ] mam i Rirm 2<o e y m<?yj?%< 

PtMn. IrMn, RuRhMn. FeMn, NiM 
n, PdPtMn, RhMn, CrMnPt, * 
<0«W>MnjfteAfrfefc&8J: Offltffifc l«BUit* 

KcoBmSiSBa***. 

[it*a 1 9 3 . mmizz ^m^hf^m, 
8w^tHzimztiz®&mjfflm?T' 

[ffi*4l2 0 ] ®5,^-v H t . K8W^ v K*%<B* 

>fc. fmsgft^y KMmi 9E»coBSa, 

"Vy KT*Sifc«:#aftS^-y W^ 3 y7 

[0001] 

I*H*>*W&a«#Ir-] *#Wi, Btt&SBftg*?- 
[0002] 

[fi!*cOj$ffi] A-Kr-fX? r-'5-f 7" (HDD) CD* 

TH*. *0**fc»LT, StfS?fl I T'*l»GMR^'y 
H (Giant Hgneto-Resi stive Head) c0Srfp&1#ttK# 
-^GMR^v^2ttJa±<0tt«tK 

R^-y H) cO^ifgTJWKfrirfrCU*. 
[0003] GMR'v y H fc TMR'v-y H<i. HKW 

fc, *yxmS5£^:frfoco3av^>\-y F«Ji*«M^ 
6. -»COGMRA,.yh'coj;5^jiBDt«LTWt3-fe 
>-^«5SSra-f^-y VtmZC I P (Current In Plan 
e ) mm. T M R'v y H co J: o fcBIE |c» LT Sit fc-fe 
^XttSSSrSS-f ^ -y FflKISr C P P (Current Perpendi 
cular to Plane) HmtWX. CPPfftjSli, ffl^- 
;P K *co *, coSrmS i: LTffl V i i: tfX'Z & tzib . C 
I PfltitcOjKU-H^-yr^fcv^T^J^St^ 

CPP^i^^fiJT-fc^,. 
[0 0 04] CPPfgg's.y Y<7>m.nX-hhTUR^ 

[ o o o 5 ] c p Ptt&xMtctf^msmmi 
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m^flic i pmmvm^tix^i^y^y (s 

V) R«-ffiV^tV^aCPP-GMR^7 KI4» 

/^§l£ffli^CPP#?coGMRftttj iji-fSHift: 
( B#JEffl)BS^£f£. Vol.25. No.4-2, pp.807-810. 
2001) fcfcL XtrvA/W;/J^fflV>jtCPP«ii££rO 

[0 006] £coJ:?£*eyy\>7$$rffl^fcCPP 

io wk*¥nminmmifflm=f-x'\i.. awx/m 
miscofflafcit^T (is iwc/hs v ^<7)X'h->tc . 

[0007] 

[5^* { <8*LJ:oi:-ri>^S] U4»Wrt»t. 
^W1«C P PfitjS^^o^coK^ffiSSas 
JH'Ttt, TMRm?lZitKXl$im.<tt:mZZi:ffX' 
20 #6i:V^^^C(ttlTV^tcOcO. ±^«SfcT 

asmtcoiacos^«Jt Lx®hti%$m±.<r>MRit 

[0 0 08] &i>. H9iei6XTtt. MRit*<i>^i:Jft< 
rtl»ISS±OMRJtT'(±^<. WWBSaM:*jirf»» 

L-^v^MRjt^uxm&uT^i.. znfcth. mm* 

XX-W&ZtlX^&MRm. £W±a<=5T'JTV>l. 
CO-C'^S. 

[0009] *H0JHi. dcoi 3 *W»te«»T!ar«ii 
fci>«T. ^tyy^y^ffli^cppfli3i$:j#oat 

[ 0 0 1 0 ] itfOJ: o ^StSvSfiSai* 

40 m^m^hzttzx*). & h7v?tzti\,\xi>isiiiii 
mzm w fc wx'zmmmmmm&z t itx- 

[00 1 1 ] S4>fc, sMBSli, S^T^^gg^co 
[00 12] 

i*co-*cOffifflJ(cm $ ix^m 1 co«g t , mfiem 1 CO 
50 m®col5ffiSW:i:<iS«ifflt^§jt^a^fifiBt6*B 
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t % mmmjimMm^ 1 nm&t ammtz 
x. mtmsmwmit. immt. mimm 

k fc ic. ii|fe#$&M$k H««(=M^ 10 

[ o o 1 3 ] ;*>si i *>sMrciis «stf8iassKBfc*r 

S£*6. CPP«Ba**»S3;h.4. L^*^Ts C I P 

vmz±t%\.\ 20 
[ o o 1 4 ] mens 1 vmrm. wmmh% 

tfyFJl&tftyJi£tx-cv4?>-e. ixbtpsxey 

xTflasaftfcH 4 i k * 4 . 

[00 1 5] *LT S fJBWl<7>JBtfCli. tf^JItt, 

msmtmt mmizn* tmrnrnzm $ t«* 

■>fc#«fjt-fey^«fc& t «h.4^x*qfc»ct. «iav 
m 2 uoisifc&h.* * 4 1 y«cojg$t 

3r4. KfJBUL ilttliKSHBttttTUWc* 

tizzkfrt>. *<r)\m*tf&m*&^ mm. i 

0 0/*OcmliLh) £yJgjW£j&<-sT^4.r fcK 
£4ey«<o»ffiffi^«^.K£vW:*:£ n. ^tfOJ: o 
iz. fljf53& l <k fttf , -fe y x«£UdW 4 tf y 
«<9£ffi<I#ffiM$ix. tnvCUJBl&tf«2i0«BHI 40 
<0* : P^(*«7)llI^W=5r«tn:ffl*^$ii4. Ltztfi-> 

x. mm&wmmzxiui, niBxfm2rt*smn 

m*£&blX®t>tl&m§l±cr>MRit (=AR/R) 
Ofl#R*«*3<*»K Hfg_L<0MRltjWS*4. 
[0 0 16] k£4T\ H^S^Jfl^ti. ARfc-fe 

yx«ffi I s fc wff I s x a Rc7>ffi*«Sk =5:4 . Uc 
#oT. IB^JiCOMRit ( = AR/R) 04HJR£yh$ 
<^4£fcT*WMRtt£fi±$tf4£'<re«, m=t<F> 

«®KJ6^£8fflLTR£/h$<L£±-C. wiE^T 50 
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mmmitzmz&itmt&ztfrt,. ft±UMRit 

<z. ffiiMi<?>imiz£ti\i. mm. m^mm<r> 
mmm>&mx\ mmMRtttattzisfrizt 
tfx-%. mimi<r>mmiz£m&*m±.<om&m 

tbX&\ 

[ o o 1 7 ] zcox a mias 1 o<g»tc «k 4S&H& 

S^a5^0|<i]±t*S&tCM)i$^4¥«0-Ok L 

t . i>itew^i^)ia«Sr^) 4 ; k tfh 4 . 
ofiii^wkLT, ®m-&m3cr>mmiz£ 

4. 

[0018] *^wm2W®aj{c J:4!imJ£fiaft*^ 

mz . loiem i ossxiiHuism 2 <7>«®co-*^® 

[0019] i<0»2OWW=J:fitf, try«o-*o 

h^hkw tz£wmzw&<nmiz%5m<izim ix^h 

cox\ •byxm^c«-f4t:y«^fimfi* f J; | 9<ftj«$ 

m%±<oMR)ttf-mmt&. 
[0020] xfflinmnmmzx&m^mim 
to, fr^mix*iH2cD®iiifct>uT. flies l^ig 
ffik i?ies2iomfigktfoH^tt-r4^< k 1 100 
jto^=5r< k t-^issofflk immiznm-immn 

M$mt visits '>^<ki>1^e^&M^kH^cS 
«r41B«fc:«->T. flf!S4*Sr< k d l^c^jikME^ 
S k CttVSWrtctttft $ ^(c&v « 

[0021] fiiidif ^tetiyicoj: d««v^fci. ey* 
-^^a&^-atjg^^ix^Srt-r/Uk LTiKBflL 

b*>. wnm^mmte. fttitzMRttzmiKt 
tmiARZ®izZit&mzm . i^^. 

30JB«tJ:<it3r. frie^lOS«tCj:5S«im^^o 
ai^«7)|iil±^*^fclWiS$-ti-4 i k 4 . U^* J o 

t, m&&3<r)Bmz£w. ^^ai^^ti^L. » 

LTt>!SI_b>)IS#* 1 &4rt:* , >. f!fES3<0ffi«OffijS 
[0022] *%BBcoS4 ^ffi^tc J; S{a50g*S»*» 
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TO. 19EIi3tf>»IW:fcHT. frie^=3r<ttloc7) 

[0023] £0>*4*>JlMHcj: OiaS*ifefi»fc» 
iS?|v>*gl£«£Ilfftak, IMBimatiaMsV** 
ao/txfclBM-fcnteW: 9**K:JMKii. tf* t 
v\ 

[0024] *m<»m 5 osfluc «t & wmamm 
to. iiiem3X<im4<o3gstfcv^T. tirtesv^ io 
mt^wfaxiimmz^ts t <r>x-k & . mm^tm 
fsbixzvxozvmm^ht. nemmktxir 

[0025] *ftH*>g 6 aJBttfc J: & ^mset^^ 
TO. mmiJbmmscD^ltLfrnmmza^x . 1* 

[0026] *hhb^ 7 ^satc «t t nm»tiK6ms 

TO. lifE»l^S»6W^-«i3&HO«afctJHT. M 20 
E7U-Jitt, MS#^$kft«WfcKrl>ffl#W> 

[0027] *»BB^»8<0!B«K «t 6limJg«2&*g? 

to. m^in^i^-nxt^mmizti^x . m 

[0028] mmen-smammt. mimwn 
zfflzift&mzmit:t><7)X'b&#. msmmi 

[0029] *%w<om9<r>mmz£&®3mimm 30 

TO. tfTlSmi7!)^ll8cov^^c7)®«{cfcv>T. m 
fStr^Jf*'. PtMn. IrMn. RuRhMn. Fe 
Mn. NiMn. PdPtMn. RhMn. CrMnP 

[0030] i<^m90HiaT^lf e> KB 
ZVy-yyTZftfazi&xX^ltf. tnmtiMit 

««isv\ u:#->-t. mmm9 commiz liin. v> 
m i £if s £ t iz t 9 * y^aatc^tt £> tr^/iostit 

[0031] xftwomi o^mrnizximmMM^ 

£TO. ^^fr^EilflK^&Sfi^SfSlcolS&k. 

mm i cotgs^frtes^t (iKwiitcjBftstifctt* 
fifissmiii. itriee^fifiiS6*sc7)rria^io«ffit 

u -i«ofjtem i nn&Mizi&tfLZhfcm i ojhm&i 

k . m 1 *>#8ttl<0MlESI 1 «ttB&Ut3BA<t tltz 50 
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m 1 FJBk . 1 cot'y KftaflE* 1 

uob&s i <o tyjs t . K7 -js wuie^ 2 
<omsw(=^$^7tm2cofN8i4®k. mm 2mm 
mnmm 2 o««ni3Bift3 n^gs 2 o kjb 
k. Km2coeyHJi<oitnes2cosffiaifc^$^ 
m2^tr>sk. t*t». Btffe»i&^2(7)t 
3 *><%Kr < k o t y«i± . urcflt 1 cos 

SkMe^2<omSk<0^fcv%TKfflkBg^Si:^ 

swt. mso«§-e»jas^kkfcc. mmm. 
®t%mtzwzt 3 %\y®mz. mmmzbmm 
izmmzxxitmmjm.ztym^mzx. msm 
mmbznzh®m>e>miLxmf$.zti&. mmiR 
vm2<7>mm±. m&is-jwEtmhx^xM^. 
[0032] zcnm 1 ommx'it. mm.tmmiz 
» txm 1 ai«b 2 tut 0 tustsfn: 

^6£tf>. CPPttJt^H^^fiS. Uc*^T, CI 
P1S)£0# 'J - K4f> yTftfcfcV vt^J&fSJEk &o 

[ 0 0 3 3 ] 4fc % mm 1 o<o®a-cti. 

wMttztol,z8iW2titz7V-m. $11 MS 

m2<?>imm. mmm2(ovyvm. M^tcmi 

AV%2<?>V>mZ'&A,T^Z>cr>X\ T3.T)V94?<r> 
X\Z>l<4V7W&m.tX\\h. LZ:tf->X. TMRS 

TOit^r mm.* m&zb #x-$ h . 
[0034] -f-LT. mm i o conmx-n. ^< k 

izimm z x-Btfiz n&mrc%< . mtt%m& b 
mm^s^h^mmz. mm%&zb%mizR 
tmzx-ximiffifemztomwzx: mmmti 
&m:hffi&frL>mfcLXBtf&tvi:\->h. z<?>to 

xmtfm.i\i>'ixififtkt. miwm2cowmiz 
rnih*y*wmzm-h')>%< t t>-*<ofy«<o« 

ilff. •fe^^mS[^-r&^ : 5r<kt>-^tr>'«Og 

«ttt#<£$$*t. iAv^{±mis^m2c7)mffi^oiR^ 
%i<nimizttLif. &iMf&2<7)mm<n%=F±w 

b LT#^fL*H»J:<7)MRJt ( = AR/R ) <0*|R 

< tc *) . ie?jb<oM Rjt* 1 ^^ s . 4 ^ . fries* 

^S^tCjt^T. lllfeiiOMRtt*<S5^l.. 
[0035] £<0MRJtW|<ll±t»W)aj*»rtlht*' 

S-^Sik^S. -?-c^»JB<0fai^kLT. 4s9M 
JWSJS12<0JBEaM=J:6fl|ji^aiUc. c: 
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nm. mmimm^^brnm-h^. 
[oo36] 4&Bjja$ 1 1 nimizj: iwsmsm% 

S^ti, fitsmi 0<^»E«(cfcv^, iife^&< fc *>- 
;frc7)t•>'JB<Z>-;^fc7)ffi*^. 0gfr«K:£ffiW£. fflfSSIIl 

[00 3 7] l^fllttlcJifltf. iWr<tfe- 10 

[0038] 1 2 SStfaStfciSyi 

am*, mem oxitmi lmnmz^x. mm 
i wssi t mm 2 wtgg t <mizfttEi'h&% < 1 1> 

[0039] Cicom 1 2«>««fcJ:*ltf . ffi»3«l 

[0040] *miam 1 3 nmmiz x &mmm& 
m=Fii. mmi 2com&nzt3^x. m&%<t : t>i 

oolli. 1iTE8l&Zflll2«>#ttttXK 19K7'J-Ji 

sx/mm i ss 2 CD tr>- fjio o*>£7)v vfrta^jg 

[0041] .rogs 1 3<o®«^j: ottiWfifcfiMKc 30 
mm^Mmz em** t . msm news*** yx 
wsiwxzm&tzimtfz'oimizmzti. m 

[0042] *mmm 1 4 (nfflteizx i>®m£W% 
urn*, mmi 2x^1 3<rmuz^x. mwm 
\wmimfcmx\&^m*^tsi><nx'hh. mm 
^mmtixzcoxozcttrnzm^ht, mmmt 
ix%®X't>i±£. mmm&zmmzti* 

[0043] *%w<?)& 1 5 (ommzx imsmsmm 40 
mwt. mmi onmmi Aco^-rfii^ymmza^ 

[0044] *»b^£7)^ 1 6^?saKc «t 

sm*; mmi onrnmi s^-rtit^ommizau 

x. mmyu-mit. mttMmtmmizmzm 

i&coft-lz&f&Ztit: t,<7)T-*l>. 
[0045] *HBHc0IS 1 7 ^JS«(C i SKS^a^ 
*FfcL fi?temi O^MS! 6Wvfft><offi8H=i>U 50 
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X. mmi&V : &2<?>\Z>V!§Wj:<t{>-M^ 

m&immkmi£&&wj;hmmMzm$.zhK t 
cox-hh. 

[0046] mm 1 5n^m 1 7coraani. 
mmffizinzmzmFit^nx-bitf. miim 
mi%fe-ti>mmiztit>mfc2tihi>0>x'te% 

[0047] *&BB?)SjS 1 8<0JDtttlc J: l-O^fiSft* 
JWi, M23I1 OJSfiSi 7<owfft*v)jga&:fcu 
T. «ne»l&^2c0eyl<0#>?^\ PtMn, I 
rMn, RuRhMn, FeMn, Ni.Mn. PdPt 
Mn x RhMn, CrMnPt, ^fS^Mni 

4. 

[0048] £*SJS 1 8cDf$#fc J:Wjf s SJE3I9C7)© 
[0049] *f&Hj§OS5 1 9<0!S«t J: S«^^.y H 

\t. mt. mmizwttzixzm&tmm? 
t Mi, frEa^a3»«^iF*<MiB^ 1 1 8 
w-nxfrmmizx hm5msmm=FX'hh%><r>x' 

[0050] 1 9<r>wmzi.mi. mmnm 

t>tix^&<Dx\ mhy-y^izti^xi.nai^m^w 
zzt wx' $ xmmm&tt.* mhzttfxzh. 
[0051] ^rfc, mmijb¥.mi8v>fmizj:m 
fmmmnwmmi. ms^^Y-izw^.^ixh^n 
x\i%<. fovm*<nmmzt5\\xw&*vvbLxm 

^Z>ZtWX'*&. 

[0052] *W%<r>&2 QnmWz*. 6^7 Y^fx^. 

yi/nvk. zffit. miW^vYtmmi 9 com 
mizx^m^-v vxb&i>v>x'hz>. 
[0053] z^m2ocr>mmi,zj:tni. mmi 9<r> 
iB.mzXhom'w v#m^tix^&<Dx\ tmfi 

[0054] 

mTRtsztum^fcUffi^vvizi^x. wmtgm 
Lxwmh. 

[0055] [m\<r>mn<mM] 
[ 0 0 5 6 ] 0 ui. *mnm 1 rmtumBizx $ 
®&^", h *mjffliz7fiiwm®mx-t>2> . 021*. 
m 1 kcogmrs^ 2Rxsmmmw%& 

mm=F 3 <o»# tft*Wtc*tifc*dBriiiET'* h. 03 

(*. 02+OA-A' ^^«0T'*|,. 04fi. 03 

*v>GMR^2tf&*^z&kLtj&mxhh. m 

»fc«»fct ^fctf>. 01^M04t^-t«t3tc. 
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[ 0 0 5 7 ] ft 1 <OHM^ffit- i F<4, 0 

lfc^-t4 5fc, g&fcLT<0*74"^li, B^ffliS 

(>, *JMHfcJ:*a«^vKli. flitf, GMMT2 10 
OA*flU.TVvct>J:u. 4fc % ft 1 OHUSOJ^rc 
<4, £?2, 3tt**i-Wiim^WtMirv»*4i, 

[0058]X54*'l <i«Sviei*jift»|t]Bgfl?lfc I— 
Mtll. 12SWU U-A^ll. 120?IBtfA 
BS SflWUT^i. Hlt«f 

Wtti, K 1 2coSM42#T'&S*<, £fl 

(cBte'SrH. flitf. i~3*ov-;i'S^tTt)J: 

K #±4*ttM»*>fc*>fc, ABSfc8*«>» 20 
[00 59] ftl o£JSOJB«-Cl4, «HK4ttU-;U 

«i i . 1 2o»mttf)»»ttfen. MHMoftmftf 

ABS*«WtLTV%*. fcoii, ffMMtt. 

^l<^«WBIMI*«l*nifo^ilfc:Wt'rtJ:v^ 4 
K4fcWt443»«rH. 

[0060] g m 2 Rvmmw.msm&m? 3 30 

J4, 0 1 teStf- J: 3 fc, 11,1 2 w^msai 

»ufcB«cii(<ffisw)aaj*ifiitHW4. aaaa* 

yi<03S^ai^TR<0«ffi(C(i. GMR**2fc» 
IISflfciKV? 4 K 5 a, 5 b &tf|ft*Stt$l 

Sfflaff 3IC«S«$ilfe#y-r -f y*Of.» H 5 c , 5 d 

[ o o 6 1 ] gm R^-f 2&tfnaisam3twR73 40 

i4, H2RVH3t«-fJ:5fc:, r/l £«j£-f •& 

fc, «JBSftT^3>. -t:?£<y?£flci 5(4, 3I«, 7 
/W-jr* (AI2 O3 -TiC)XJ4SiCI£Tl8j££ 
AI2O3 -Ti C£JBvv6*g£ N £;rtf4*«tt 
tffcSW, TtSJil 6 1 LT, WttfA l 2 O3 *>4> 

<4K»t$r<TfcJ:v\ 

[00 62] GMR|g^2l4, H4 3 fc, Ttfi 

s 1 6 icMs fifcTsnw 2 1 1 , Tame 210 50 
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±08 (Sffcl 5kR*fU) fc«*Sfifc_kSMMS2 8 

t, «s 2 1 . 2 8iatTisse2 na*^j«{cais 

tot, TS&J1J122, 0*2 3, OKJB24, $ 

«sttS2 5, 7U-J82 6, ±&&&m (^7 

[ 0 0 6 3 ] ft 1 0£i£e>ft!BTtt. T^S2 1 RV 
-LI35®E2 8{4, THAWS'-* Kfttf±aW»l5'-A' 
FfcL?**l-€ l ftJM13*lT»&. 1S21. 2814, 

mm. n i f e^mmmvm^iix^h. m 

ffifctiSpLTUfcH**, ;^^IS2 1 , 28(4, I? 
ai^f-f^'yKSa, 5bK*it-mi§W 
KWRfiTH*. 5r4i. TaWtfi2 lSV±SI5«ffi2 
8 1 <4S'J£ , TS558^; is-)V Y*V±MHOS&-fr H 5: 

[0 0 64] TS&JSJ12 214, iStt^^TiJi). 
Witf, Sftl 6ffl*>4>Ji£»JS§*UfcTaJB&tfN i 
FeaWBJWWrifTflJSSil*. e^H«24&l/7 

•;-i2 6(4, *ti?tvmmx-miit$ti. mta. 

Fe, Co, Ni, FeCo, NiFe. CoZrNb 

{4, 0ftBttl?ttft£tu Wilf. PtMn, IrM 
n. RuRhMn, FeMn, NiMn, PdPtM 
n. RhMnXf4CrMnPtfcfc*<0Mn$£&-C$t£ 
•fftit*»ff*U^. eyb*«2 4<4, t>fl2 3i:<0 

n«D3t^^ r xKHtc 4 •» t zmfafmims. 

UmzmZZixX^h. 7U-A2 6I4. s*w 

Cu, A uXttAg* if «H1ir)M8ll«. 
[0065] ±gB^Jii® 2 7 COttf4(4, ( a ) ffiffiffiT' 
(b) WHtim^Zb. (c)Kfl:tTfctt 

*>4;3&«jSa>4>, ±«?^JS12 7{4, Witf, Ru. 
Rh, Os, Pd s Pt, CuXJ4Agcr)*#:, X 
(4, iilfe^)V^-«l*»2aBU:<0ffl**iyfr*»fe«:** 

LV^. ±a5^JSl2 7l:ffifittcOTO-C»)j&L, 
SSr??<-rn{f, GMR»^2^i(ci:LT#fe*l4IW 

[ o o 6 6 ] ft i vmmcmmxit. 04 ism- 4 3 

JC, try F« 24, ^5SH*®2 5, 7'J-12 6»V± 

2 7 wraratfj** s <4 . mmo Yy-,?mr 

ftlW»fi^©T-|4, tVF«24, fKBttt^2 5, 
7U-*2 6aV±«&WB2 7U, «52 1, 2 8(S) 

4, imm25. 7V-m2bmf±.u&jm2i 
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24. #&ttJ§2 5. 7V-m2 6RV±&&Btl$27 
If&ZbWXZi. 

[0067] m 1 <OHSfc<7m»ST'U. trys 2 3 
U. 027!;M04{=ijr$-J:M;:. B?IB*5«SlStSI«W 

mmmtmx. mi-%im®t£mizmtcim 10 

»6»fea«LT»*Sfi"C^i. t?y«2 3cOT®U. 

TBtelW2 2S*rL.T1Iffi2 lWJdfflC*: 
5RWte«ttLT^*. TW*IW2 2*BWtn:. K> 
®2 3tf>TM*«fiS2 1 <0±Stti»g1SM«tCgg4$^ 

[0068] 03X1^04 J: -5 fc. 7'J-JB26 

Wtt-i-fcX-f 7*Ji (BB8MR) fc LTOlSKttJI 

**&Jf3 1. 3 2jWB*S*lT^i. ^flA>Ofl3 

1. 3 2<0T«atfJB24~27<0«ttt. Al 2 0 3 20 

SI&RJI3 3, 3 4«$tlt^S. * 
5t, 0ffit=UjjsLT^&l.v!p\ J131, 3 2U. *<D- 
&ZmtfL-thWi±.mt LXA 1 2 0 3 4fc*i»^i«l 
ISWffitLt^S. ifitciO. 831, 3 2U 

<swflt«mw^^^fLT»-^„ A3 1, 3 2#>'£tj 

mttJRU.Mi.Ur, Cr/CoPt (=JA;Ur-G&£ 
&) , Cr/CoCrPt (3/^b?DA6^ 
A) . TiW/CoPt, TiW/CoCrPt&if?) 

[00 69] 02^-fJ:o(C, K>Pi23t±UW& 30 
2 8 1 S«ttJB£-£tfJf 3 1 . 3 2fttf GM 

R3R^2*«)ftt4JB24~2 7WB«S*iTV^(r^H 

x»i. mm 3 su. mm. ai 2 o 3> si 

0 2 . MgOXUT i 0 2 &i-^tm?Bfi!c$rtS. 
[0070] tt*£ttft»ft*?3tt. 02at^@3(C 

ffl$^M£iia5«ffi28, ±SflBttJf 3 6, 3-(;H 

3 7. 7/W$^a^&65-'f r-=?+-y:rjf 3 8. 7* 

y v mmn^mii&xiiiiSLZtifcmm 3 9 six 7 40 

/WS+a£A^££#g;i4 0:5:if£1rL-a^. Kttff 
3 60*|ffi:LTU. miii. Ni FeXUFeNfrif 
jWflv*fc*t*. TSS«ttJStLTt.«)B$iifc±a««6 
2 8&tf±SK&ttJB3 6<0$fcJggiSU. «/N»»*)7*5 
-f-&4:?)5-< ^*n>rJf 3 8£raTTtt|6rt6T&* 
-;l^?2 8 a2M^±«#-yHB3 6 a &-oT*5 0 . T 
»K-yWK2 8 aatf±«#-;HB3 6 afcfcV^Tfi^ 

im&#WLxfmpm*j2 i *.$:ft%o. rmm 
t lx i>mmi\t:±.&n& 2 8&v±.mm 3 6 

U. *(?)3—?&#T&#-}l>&28siAV±.&X-)l> 50 
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tf36afcttJjamfcft*tt£84 1fc*ttvc. ^0 

£>rtSi£U. 3-7&<0t£&m lOtbViW&ttfc 
ihlXolc. 3-f/HS3 7>WBj£$iiTV^. 

st-as. 3 co«ii <> est- 

[ 0 0 7 1 ] ftfc, m 1 aXK&MmzX h&R^-v H 

[00 7 2] i-f, ^xyMSSrffo. -f$rfc^. «* 
lfc££>^§Al2 0 3 -TiCXUSiCf£<0>7XA 
1 0 1 fcJMRU J3IS^Ji£&jPfsS:fl!(,vC. ->ia1 0 
1 ±<ov h D ? x#.<r)%®L<r)®&^v Y<r>%mmzl: 

[00 7 3] £«>>>x;\ig03«Bfcovvc. 057bM 
08£#{8LT8fflB1-S. 05J!»S08U'>XAHi£ 

mm-&zxmzm;Miz*-mx'$>*) . 15(a). 

06 ( a ) . 07 ( a ) , 08 ( a ) 
fflHT'&S. 05 (b) (±@5 (a) +WB-C®t» 
ojfc«R&Br®0. 06 (b) (±06 (a) tf^B-C® 
fc»ofcfWHlfHEL 07 (b) (±07 (a) 4"OD- 

Emz®~>tzwmmm. ®8 ( b > (±08 < a > 

D-E»^-5fe«aSBfffi0f*6. 06 (a) 
KfcWC. TWIi. GMRS^2#«Jg-f£ r-5-y?i|i 

[0074] ?x; MgTU. ST, «>x^ 1 0 1 ± 
fc, T«D116. TS5m«S2 1. T»^IW22, 
i!23, tyh'124. ^ttil25. 7'J-126, 
±S83feJail2 7 5:. Jl^Wi-ri. (05) . ZV>1%, 

ym&2i\mm»>'>tmzx o^l. mm\t 
mm x)i - y ?mx'B&?%> . 
[0 0 7 5] |gic7)-Y^y5'jyjrfcj:0. 

•y^«ITW5r^ri,^<, tyHS24, ft®/m2 
5 . 7 'J -M 2 6 &^±^«S 2 7 *«iH»tBdtt 

mmxhh. mi^^-ysuy^u. -e^ 
Ex-$±ZMh. -ot*). mi<r)4*y$v>rit. a 

«WtU» WS^WfcHJLT. tfyK124tt'Sr^ 
ih$-ti-|>. dcoid^^h-yTtliSU. «itf s SIM 

S (Secondary I on-nicroprobe Mass Spectrometer. 2 
l>. -5-LT. m\<7>4*y$.VV?<7Xk. Vyh*?& 

zm^x. mi<r)4*>$o>?iz£*)mnt:m 

lz.mm3 3. 3 4&t/®BttJl££tfJi3 1 > 3 2 

mm-h (06) . 
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W.2<T)4*>\W7\ZS.*), G 
MR*?20/vf h*|6jfcWLT. b-yK®24. #B 
14)12 5. 7l)-Jf 2 6&lX±mgJI2 7*. S*?^ 
ttlc£*>tfT;<*--:<'/*& (07) . Z(?)m2<M 

•J7h^-7&tj:'9ia^^--y^1-|> (07) . 
[00 77] tcotk. 07(~^-ttt®«O^x/MOl± 10 
fc, ±««B2 8t«)r>#ffi<ft:J:»)»iaW4 (0 
8) . 

[00 78]®f£fc. ^+ y7-J138. r7-f;W13 7. 
mS 3 9 . ±8ttttJ| 3 6&tffc§MSl4 0 fcJftftU 

[ 0 0 7 9 ] «fc , >>xy MSfibWST Lfc^iAfcM 

•y mmtf-nmzmztitz&rt- w-wms.^ 20 

n-f-A^b, MRyvf b^£f&£-t& ZVA 
B Sffljfc 7 yty^I (8f£) 

-C0ABSffl!|i7)S&X-yf-y^-r^. ^fc, ABSil; 

1 , 1 2mmt. wmnxiz^mtx 

><-*®«<7M&^-; V\,zftffifi>. ZixlzXL £1 

[00 80] Bl^Hifec^HSTii. mS2 1, 28*< 30 
fMiftSSiyg (fyJS23, t^KS 24. ,NKtt« 
25. 7»J-*26) IZMIX. W3«LfcJ:afcE1IS 

C I PfflitO^U-H^-yT-fk^feH^^^^t 

&) iJftHWfc&tfcv*. 

[ o o 8 1 ] &tz. m i (mmmmx'ii. msmsssi 
ma . fiji Lfc «fc 5 (cffig six^isattfl 25. 7 y 

-JI2 6. tfyHM2 4Slffcfy«2 3 5r^-(:'V^<50 

T, TMR^C]f<-Cfi®lS;^0S;i:3!!^l>. 
[ 0 0 8 2 ] * L-C. m 1 c7)ISi^»t'{i. ffii U: 
iai:, h-y^2 3(i. 02^^04 fc^fi^fc. in 

(0 J: o tz % fyJS 2 3*<)gj£^l>iS«{if5fSlr*&»g 
aWlS/-tt#te*U «S2 1, 2 8<7)mzm)\h* 50 
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yttiMzftth try® 2 3 co&ffitttf'hS < Kb . it 
$ts$r£>&^i&oJ5$ t m&&m&t n*ifzm 

li. £DRtt&« T&&JB12 2£:frLTlI&2 1<0J:H 
fcWSHfcfflliLT^**)?. f>-«2 3*<l9S±SS 

HatrStf & t v 0 2 3 ofiffifi SvhS < -f -5 £ t A J t 
#6. -3 m 1 <V$kWMm.\,z Xixii , -byx 
mSJt*ttSb-ya2 3tO»ttfi* { *«i(cffi«$^. IA 
^T{4«®2 1 , 2 S^co^i^WKOiaSW^fitniffl**' 

«ffi2 1 , 2 8raoSH4&tti: LT» t>il&g®±.0)M 
RJt (=AR/R) O^SR*</h$<'5rO. HBLbOM 
Rib!>*i§2!>. 

[0 083] fcCl^T. 5WO«^aj*tt. ARt* 

*<ot. MfcbOMRJt ( = AR/R) c7)^«R$-/|n§ 
<1-|>itT'^MRltS:|6l±$^/i(tT'{i. *^<0 

mnwmizimKim-thztfr^. ifii±L^MRit* 

mflfc*3.ARh&lt>&ZttfX-£&. ZniLllz. 

micomMoB&izxMf. mm. wztimmm 

[0 084] LiZW->X. &l<om&<r)BmzS:i\\f. 
® b =7 v ? fcfeV \X t Sffi^fl-^ iSr#& £ t SIS 

[0085] [m2WlUt<0}BS8] 

[ 0 0 8 6 ] 09(4, *f6Bac75m2(0||Sfe^SSk:J: h 

m^v YvM^wtwzm-t mmwmxf> <o . 0 

[0 087] M9tm4i:<r>imfrt>hfrhl;o^ S 
2<?3|||t<0JB«* t fiiS» 1 fiOHJt^SfcS^SWi. 
iffl^^«kSI»Wta*t*v^WK>eyJi2 3W 

yja 2 3 o-«iTt Hfife-t* <t 3 izmfc? s -1 1 1 «t 

[0 088] m2cOHt|c^®tJ:tl.(f. Sl^Si^ 
»ttfcjfc*yitf. -ty^«aSfc«-r&f>'S2 30ffilit 
tt*^F7<# < ^ToT . HISg±«0MRib{^FffiT-tS 
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too 89] uie^isistii^w^^^^v^ mix. 4mm 2 5<7>-mx'm£?z>£oiz8. 

^t,ztf+ZK>E23<m.tmi)*8<%'>X9m±.<7) [0097] m4<0HitO^fflfcJ:^Ti>. SKOHJS 

irv^ts<obry®2 3ofl[$«±. tmmHkW!t'>tM ioo9 8] m5com^mm 

&<QV>'Ja2 3O&Z<03 0%&±X'hhZtm£l [00 9 9] 01 2(i, 4ftHa*5a£lt0»mfc:J:. 

C 5 0%W±-C^SC:i:*>*J:')»^L<, 70%W± -SiS^^-y HWSa5$-^W(c^-ma&Bj®iaT'*0. 

T*4£4:jif«J:»)-Ji#iU*. 04»C^JELTV^. H12(ctswc, 04*OS^t 
[00 90] [3S3tf9£MOJg«$] 10 H-»ittOT4R*fcliH--8F*&ftU i^WStt 

[ 0 0 9 1 3 m 1 0 a s *hbb«s3 wiosojesfc «t *si9!(*&B&-f & . 

6««^^K^»*»Wt«ti»Bia5Etr*0» [0 100] B12fcH4fc<OJt«&>fcsb*>*J:3fc» 

®4(cjfjcLT^&. Hiotfev^T, mwrm&b &5<7>m&<mmm^i<nmi&<mmkm%hm 

m-xi&t&rzEmMm-itt&ttu ■eoKg-r 7'j-jf2 6t±s^jai2 7tc7)iafc:, Mte*$& 

[00 92] 01 0fcH4fcoJt*to»6;b*»4J:dfc s t±SS^JB®2 7t<7)ISI*^{cii«SlWKI6gSit=Sr 

(i. e>Hi2 4av#«tt«2 5*<, fne^sjfs^i: 4. *»«iM6 ooawi s wcwtsfi* 

tfarifWfcSWWKHtJfST, fntttiMHfeUff 20 HV4felH6 0^)«3tt. iimiM6OO±TOl|0!> 

6. UaPoT, %3.<7)$m<mmX'te. 7>;-l26 itf. lnmiaTfc-tSifc^-e^S. 

Atf±«AM2 7**. MBffiSfWfifeajgtT^*. [0101] 8v4eiMteO®£3&gvWi. V^fctf 

£>K$^<y KOSg^KfeUTiB^ , MBm 1 fcl^tf/l'i LTRBflWW . Lt:if-oX . mwt 

$$2V>4 *>$V >7cr>Zb vr&m* . VHZUmzm Jf6 0Mt. ±«£IW2 7fc7yHi2 6fcWH|(caBl 

LT. #flH£V2 5fc7'JH|2 6fca4MM:$&J:3 **V^TOW"WOB(BltSa!iWfc:fi«*Hi:» WE* 

[00 93] *3«MWto»JBtJ:-3Tfc, lOUtt ^ISfftrS^^OI:iqflk^tM^^ii£. 
<^WmtH«flDfl^l*H*4>it*. 30 ffv>f£MUS6 0Ji, ft±lt:MRttZ1imit:$$mi 

[0094] Lm4<r>mmm) &R*m*zitiipm&&$. zntuh^msagmn 

[ 0 0 9 5 ] m 1 1 li. *ft9la*4 <OH&te>JB88£ J: flflltc J:*Uf. MSIS 1 O0Si&?>J$gfcH«fc, & 1- 9 

H4te»j6UTv^. ei nest*?. m4<twmmt toxtttBiztii 1 ?**. 

[00 96] HI lfcH4fcOJt*fc&»fc*w&»*J;3fc. 4r0<fc. Me^$f8&0®S£$fcSlcLTit!jI±£> 

(a) tfvK«24^ ureffitMRttksomtzs itres^ttaraRSftftSK'tt., m±ntMRitfe 

mm%imkm>8Mizm&&m®<Dmz£m^BZ i o 1 o 3 ] s5wnjs<ojgjsfc:j:5«§\^.y h 

t\ fne^swaJSt^sw^a^sfisA^aatLTje 14. mm. mem 1 onjs^ffltcj: sat^^-y k*> 

JBBBX'14, 7'J-i§26, ±SP^JSJ12 7. ftlWOtt 16, 2 1-27 Zm&fflStlKb*)^ #Jfl6. 

■ 2 5«JP$^JilMS^. WB*JWWt«eLTV^ 21-26. 60, 2 75:^^1 L s DEIIiauW 

S. ■rcDJd&ajjlli. HirieSgl<0^<7)flJ!E 20>fjj-yS';>'ytfc^T. JB24~27k*CJB6 

izx&w^vvvmtimtzii^x&'Vz. tmmi 50 otsuy^-ts^ttcit). «aw*ci:*«-c**. 
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[0104] tz*>T. &5<r)$m(OBm-ei±. «^*& 

816 0(4. y'J-J§2bt±. : gl&m2 7t<7)mzB 
*$sh.TVi&. LfrlZtfb. ♦JWTCtts CliifcPB^ 
S*Xl>£>c9TJ4$:<. SfUfStil6 0(4. SS21, 2 
8lf K:frartS'>&< fc t> 1 o<7>Jf <0'>&< fc t-*H 
<OfflkSgaBfc»|6rrSBfSil«0«|6iiBi:<orat=. 
LXhXW mtl£. »V">feiil6 0<4. 12 1. 22 
f§. 122, 2313. 123, 240. 124, 25 
0. 125, 260. 126, 27H. RV. 127, 
2 8^o^O s Vvf!i3b>lW»J2U:fc»]£LTfcJ: 
V\ 0li.Jf. 12 2~2 7Wvffti>>A>-?tgUl 
(aftaffiftl) SraiU^tOTftS^Wi, !fu 
*£816 0<4. %Um.<7>®f8M<7io*><7i2mMmz 

mixixw tott. ?f^iesi6o«. eyn 
124, iW&m25m? l )-m2b<r>o-h<r)\\-?ti 
frw>m<7)\v?h.fr 1 ootf j£lw±ffiX(4Tffl(;:J&£-f 

£IESt6fc. jiVii^leo^-by^macOy^SriB 

Co i o 5] mti^5<rm^B%T\±. m^m 

J*16 0(4. frfe^^i:SI^W(cM^SS^<0^{c 

v**16 0H:, tffimwk&mttzs&iwmi 

tt*>«ttfciEttLTVvCt. in. WiK. 01 2(Ci3 
tvcWV«HI|6 0*12 3, 24HOMt?t*ft. 
£<0«V*tW6(Hi. 13 3, 34fcl2 3fc<9P E gfC 

[0 1 0 6] frfc. fr^L^2^M^4^Jfi£0«® 
(CfcWtfc. 01 2tfcO^^^l6 0tCffl^f55iV^ 

tSSl£IS(tTt><fcv^fc(4. f 
[0 107] [ft60>Xtt0)JBJB] 
[0 1 08] 01 3(4. *56HHoH6<7)|Qfi<0JBffifc:j: 

m&^v M%&z$£mz7s<t®B&mwmx'h , o. 

04l::*riELTV^. 013fc*>lvC. 04<K)g$fc 

[ o i o 9 ] m 6 <r&m<rmmtf& 1 o»w t n 

*>. 3!6<7)£]&l«9J$gT'(4. 04<K)_tgfl&Jgl2 7# 
WOftjWi. 7'J-12 6i±g|5«S2 

8tc7)0C. 7 'J -12 6 {B*> ^ttttll 2 

5 . e y HI l 2 4 , try! l 2 3&tf±S?&£l 1 2 

Itm^tlX^t. #©ttll2 5&tffyK112 
4(4. tyh'124. ^NaEttl2 5&U r 7'J-l2 6fc 
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* NOTICES * 

JPO and ncipi are not responsible for anydamages caused by the use of 
thi s 

translation. 

1. This document has been translated by computer, so the translation 
may 

not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the invention] 
[0001] 

[Field of the invention] This invention relates to the magnetic head 
and 

the head suspension assembly which used this for the magneto- resistive 

effect component list. 
[0002] 

[Description of the Prior Art] The head of high sensitivity and high 
powe r 

is demanded with the mass miniaturization of a hard disk drive (HDD). 
To 

the demand, the eager property improvement of the GMR head (Giant 

Mgneto- Resistive Head) which is the present product is progressing, 
and 
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development of the tunnel magneto- resistive effect mold head (tmr 
head) 

which can expect one twice [ more than ] the resistance rate of change 
of 

a GMR head by one side is also performed energetically. 

[0003] Head structures differ from the difference in the direction 

where a 

GMR head and a tmr head generally pass a sense current. The head 
structure 

of passing a sense current for the head structure of passing a sense 

current to parallel to a film surface like a general GMR head, 
vertically 

to a film surface like CIP (Current in Plane) structure and a tmr head 
is 

called CPP (current Perpendicular to Plane) structure. Since the 
magnetic 

shielding itself can be used for cpp structure as an electrode, the 
short 

circuit between magnetic-shi el ding-components (poor insulation) which 

poses a serious problem in the formation of a ** lead gap of CIP 
structure 

does not produce it in essence. Therefore, in a raise in recording 

density, CPP structure is very advantageous. 

[0004] Although the TMR head which is the forerunner of a CPP 

structure 

head attracts attention by the high MR ratio, it is faced with the big 



problem of the reduction in resistance. 

[0005] since the spin bulb film which does not contain an insulator 
layer 

in a magneto- resistive effect component is used for the CPP-GMR head 
that 

on the other hand a magneto-resistive effect component uses the spin 
bulb 

(SV) film currently used with CIP structure though it is CPP 
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structure, 

the reduction in resistance is possible for it. The magneto- resistive 

effect component which has the CPP structure which used the spin bulb 
film 

in the paper (the Magnetics Society of Japan, vol.25, No. 4-2, 
pp. 807-810, 

2001) it is [ the "GMR property of the CPP component using the spin 
bulb 

film" by Nagasaka and others ] entitled is indicated. 

[0006] The cap layer formed between the up electrodes and lower 

electrodes 

which constitute the spin bulb film from a conventional 
magneto- resi sti ve 

effect component with the CPP structure using such spin bulb film, the 
pin 

layer, the pinned layer, the non-magnetic layer, and the free layer 
were 

formed only in the field with which it laps mutually substantially, 
and 

the magnitude of the direction of a film surface of each class was 
almost 

the same, and far small compared with the area of an up electrode and 
a 

" ower electrode. 
!0007] 

>roblem(s) to be Solved by the invention] However, although 
dramatically 

excelled in the point that low resistance-ization can be attained 
compared 

with a tmr component, with the conventional magneto- resi stive effect 

component with the CPP structure using the spin bulb film, MR ratio 
when [ 

actual ] obtained as the whole component between an up electrode and a 



lower electrode was quite as low as about several %. 
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[0008] in addition, although the purport to which MR ratio becomes 
higher 

is described by said paper, MR ratio which has made reference in said 

paper is not MR ratio when [ actual ] obtained as an up electrode and 
the 

lower inter-electrode whole component but a MR ratio of only the part 

(namely, layered product of only a pinned layer, a non-magnetic layer, 
and 

a free layer) which shows magnetic- reluctance change. That is, 
although 

the pin layer, the cap layer, etc. exist in an up electrode and lower 

inter-electrode one, in said paper, reference is made about MR ratio 
which 

does not take into consideration the effect of these fixed resistance 
components. For this reason, MR ratio mentioned in said paper is high 
seemingly. 

[0009] This invention was made in view of such a situation, and though 
it 

is a magneto- resistive effect component with the cpp structure using 
the 

spin bulb film, it aims at offering the magneto- resistive effect 
component 

which can raise MR ratio on actual compared with the former. 
[0010] Moreover, this invention aims at offering the magnetic head 
which 

can acquire a high power signal also in a narrow track, and can attain 



high record recording density-ization by using such a 
magneto- resi sti ve 

effect component. 

[0011] Furthermore, this invention aims at offering the head 
suspension 

assembly which can attain high recording density-ization of a magnetic 
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disk drive etc. 
[0012] 

[Means for Solving the Problem] in order to solve said technical 
problem 

-- the 1st voice of this invention -- as for the 1st electrode formed 
in 

one field side of a base, and said base of said 1st electrode, the 

magneto- resistive effect component depended like is equipped with the 
2nd 

electrode formed in the opposite hand, as for the magneto-resistive 
effect 

layer formed in the opposite hand, and said 1st electrode of said 

magneto- resistive effect layer. And as for a non-magnetic layer, the 
free 

layer formed in one field side of said non-magnetic layer, the pinned 

layer formed in the field side of another side of said non-magnetic 
1 aye r , 

and said non-magnetic layer of said pinned layer, said 
magneto- resistive 

effect layer contains the pin layer formed in the opposite side, 
moreover, 

said pin layer -- between said 1st electrode and said 2nd electrode -- 



setting -- a film surface and ****, while being formed in the field 
whi ch 

laps with the service area of the direction of a film surface where a 
current flows in the vertical direction substantially by predetermined 



thickness the field which does not lap with said service area 

substantially — said -- given thickness -- ** -- substantial -- the 
same 

thickness -- or said given thickness halfbeak — it is continuously 
formed 

by thin thickness from said field with which it laps substantially. 
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Said 

1st and 2nd electrodes may serve as the magnetic-shielding layer. 
[0013] in this 1st mode, since it is arranged as the 1st and 2nd 

electrodes mentioned above to the magneto- resistive effect layer, CPP 

structure is realized. Therefore, the short circuit between 

magnetic-shi el ding-components (poor insulation) which poses a serious 

problem in the formation of a ** lead gap of CIP structure does not 
arise 

in essence. 

[0014] Moreover, since the magneto- resistive effect layer contains the 



non-magnetic layer arranged as mentioned above, the free layer, the 
pinned 

layer, and the pin layer, it constitutes the so-called spin bulb film 
from 

said 1st mode. Therefore, low resistance-ization can be attained 
compared 

with a tmr component. 

[0015] and the field which a pin layer is not only formed in the field 



which laps with said service area substantially by predetermined 
thickness 

in said 1st mode, but does not lap with said service area 
substantially -- 

said — given thickness -- ** — substantial — the same thickness — 
or 

said given thickness halfbeak — it is thin thickness and is 
continuously 

formed from said field with which it laps substantially. Thus, since 
the 

field in which a pin layer is formed spreads out from said service 
area, 

the pass with which a sense current flows expands only the spreading 
part, 
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and the resistance of the pin layer to the sense current which flows 

between the 1st and 2nd electrodes becomes small, since a pin layer 

usually consists of the anti ferromagnetic substance, it is one with 
the 

comparatively large (for example, 100 or more microomegacm) specific 

resistance, and its degree of reduction of the resistance of the pin 
layer 

by the pin layer having spread is large. Thus, according to said 1st 
mode, 

the resistance of the pin layer to a sense current is reduced, as a 
result 

the fixed resistance of the 1st and 2nd inter-electrode whole 
components 

is reduced. Therefore, according to said 1st mode, the denominator R 
of MR 

ratio (= deltaR/R) when [ actual ] obtained as the 1st and 2nd 
inter-electrode whole components becomes small, and MR ratio on actual 



increases. 

[0016] By the way, the output of a actual component becomes important 

the value of product isxdelta R of deltaR and the sense current Is ]. 

Therefore, the output of a component cannot be raised only by raising 
the 

MR ratio by making small the denominator R of MR ratio on actual (= 

deltaR/R). however, said 1st voice -- if the area of said service area 
is 

narrowly constituted after adopting the structure depended like and 
making 

R small, R and delta R can also raise deltaR, maintaining MR ratio 
whi ch 

improved from it being mostly in inverse proportion to the area of 
sai d 
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service area. Thus, according to said 1st mode, for example, MR ratio 
and 

the output of a component can be heightened only by narrowing the area 
of 

a service area, and the practical value of the structure by said 1st 
mode 

is very high. 

[0017] thus, said 1st voice -- the area of said service area may be 

narrowed as one of the matters to which the effectiveness depended 
like is 

related effective in improvement in the output of a component As other 



examples of the matter, this invention person thought out the 
structure by 

the 3rd mode mentioned later. This point is later mentioned in 
relation to 

the 3rd mode. 

[0018] in said 1st mode, as for the magneto- resistive effect component 
by 

the 2nd mode of this invention, one field of said pin layer contacts 

electrically one field of said 1st electrode or said 2nd electrode 

extensively substantially, in this 2nd mode, substantially, 
extensively, 

one field of said pin layer may contact one field of said 1st 
electrode or 

said 2nd electrode directly, and may contact it through the electric 
conduction film. 

[0019] According to this 2nd mode, since one field of a pin layer 
touches 

the field of an electrode electrically extensively substantially, the 
resistance of the pin layer to a sense current is reduced more, and MR 



ratio on actual increases further. 

[0020] The magneto- resistive effect component by the 3rd mode of this 
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invention in said 1st or 2nd mode, at least between the fields of one 
side 

and the opposed faces of the adjacent layer which counters the field 

concerned of at least one layer which intervenes between said 1st 

electrode and said 2nd electrode it crosses to the field which laps 
with 

said service area substantially at least, and between said at least 
one 

layer and said adjacent layers forms a thin insulating layer in extent 



which is not insulated electrically thoroughly. 

[0021] a film like said thin insulating layer can explain as a model 
the 

layer by which the pinhole etc. was formed in Mr. **** 1. Therefore, 
the 

area of the pass of a current with which said thin insulating layer 
flows 

between the upper and lower sides is reduced effectually, and the 

effectiveness same with having narrowed the area of the service area 

mentioned above is acquired, without narrowing actually the area of 
the 

service area mentioned above. That is, said thin insulating layer 
bears 

the operation which increases the aforementioned deltaR, with MR ratio 



maintained which improved. For this reason, according to said 3rd 
mode, 

the effectiveness by said 1st mode can be related effective in 
improvement 

in the output of a component. Therefore, according to said 3rd mode, 
the 

output of a component increases and it is desirable. The effectiveness 
is 

the same with having narrowed the area of said service area. However, 
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since there is a limitation on manufacture even if it narrows the area 
of 

a service area, the structure of said 3rd mode can be adopted in spite 
of 

the limitation on such manufacture, and the advantage is large. 

[0022] the 4th voice of this invention — the magneto- resistive effect 



component depended like -- said 3rd voice -- setting like, said at 
least 

one layer contains any one configuration layer of the layer of the 
said 

non-magnetic layer, said free layer, or said pinned layers. 
[0023] when said thin insulating layer is arranged in the location 

mentioned by this 4th mode, the function in which said thin insulating 



layer adjusts the pass of a sense current is demonstrated more by 
validity, and is desirable. 

[0024] in said 3rd or 4th mode, as for the magneto- resistive effect 

component by the 5th mode of this invention, said thin insulating 
1 aye r 

contains an oxide or a nitride, when such an ingredient is used as 
said 

thin insulating layer, there is also no possibility [ like ] of 
spoiling 

the property of other film to the effective top as an insulating 
material, 

and it is desirable. 

[0025] Said non-magnetic layer is formed only in the field to which 
the 

magneto- resistive effect component by the 6th mode of this invention 
laps 

with said service area substantially in said mode of either the 1st 
thru/or the 5th either. 

[0026] Said free layer is formed only in the field to which the 
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magneto- resistive effect component by the 7th mode of this invention 
laps 

with said service area substantially in said mode of either the 1st 
thru/or the 6th either. 

[0027] said pinned layer is formed only in the field to which the 

magneto- resistive effect component by the 8th mode of this invention 
laps 

with said service area substantially in said mode of either the 1st 
thru/or the 7th either. 

[0028] Although said the 6th thru/or 8th mode illustrates the layer 
which 

can specify said service area, the element which specifies said 
service 

area is not limited to these. 

[0029] the 9th voice of this invention — the magneto- resistive effect 



component depended like -- said voice of either the 1st thru/or the 
8th 

either -- it sets like and one or more sorts chosen from the group 
which 

said pin layer becomes from PtMn, irMn, RuRhMn, FeMn, NiMn, PdPtMn, 
RhMn , 

CrMnPt, and other Mn system alloys are included. 

[0030] Although the ingredient mentioned in this 9th mode is excellent 
in 

the property which carries out pinning of the pinned layer, that 
specific 

resistance is comparatively high. Therefore, according to said 9th 
mode, 

the effectiveness that MR ratio when [ actual ] the effectiveness 
whi ch 

the resistance of the pin layer to a sense current reduces becomes 
hi gh 

and is acquired as the 1st and 2nd inter-electrode whole components 

increases is remarkable by extending a pin layer. 
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[0031] the 10th voice of this invention -- the magneto- resistive 
effect 

component depended like is equipped with the magneto- resistive effect 

layer by which the 1st electrode formed in one field side of a base 
and 

said base of said 1st electrode were formed in the opposite hand, and 
said 

1st electrode of said magneto- resistive effect layer with the 2nd 

electrode formed in the opposite hand. And the 1st non-magnetic layer 
by 

which said magneto- resistive effect layer was formed in the 1st [ of a 



free layer and this free layer / said ] electrode side, The 1st pinned 



layer formed in the 1st [ of this 1st non-magnetic layer / said ] 

electrode side, The 1st pin layer formed in the 1st [ of this 1st 
pinned 

layer / said ] electrode side, The 2nd non-magnetic layer formed in 
the 

2nd [ of this free layer / said ] electrode side, the 2nd pinned layer 



formed in the 2nd [ of this 2nd non-magnetic layer / said ] electrode 

side, and the 2nd pin layer formed in the 2nd [ of this 2nd pinned 
layer / 

said ] electrode side are included. Moreover, one [ at least ] pin 
layer 

of said 1st and 2nd pin layers between said 1st electrode and said 2nd 



electrode — setting — a film surface and ****, while being formed in 
the 

field which laps with the service area of the direction of a film 
surface 

where a current flows in the vertical direction substantially by 
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predetermined thickness the field which does not lap with said service 



area substantially -- said — given thickness -- ** — substantial — 
the 

same thickness — or said given thickness half beak — it is 
continuously 

formed by thin thickness from said field with which it laps 
substantially. 

Said 1st and 2nd electrodes may serve as the magnetic-shielding layer. 

[0032] in this 10th mode, since it is arranged as the 1st and 2nd 

electrodes mentioned above to the magneto- resistive effect layer, cpp 

structure is realized. Therefore, the short circuit between 

magnetic-shi el ding-components (poor insulation) which poses a serious 

problem in the formation of a ** lead gap of CIP structure does not 
arise 

in essence. 

[0033] Moreover, since the magneto- resistive effect layer contains the 
1st 

and 2nd pin layers in the free layer arranged as mentioned above, the 
1st 

and 2nd non-magnetic layers, the 1st and 2nd pinned layers, and a 
list, it 

constitutes the dual type spin bulb film from said 10th mode. 
Therefore, 

low resistance-ization can be attained compared with a tmr component. 
[0034] and the field which one [ at least J pin layer is not only 
formed 

in the field which laps with said service area substantially by 

predetermined thickness in said 10th mode, but does not lap with said 

service area substantially — said — given thickness — ** -- 
substantial 

-- the same thickness -- or said given thickness half beak -- it is 
thin 
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thickness and is continuously formed from said field with which it 
laps 

substantially. Thus, since the field in which one [ at least ] pin 
layer 

is formed spreads out from said service area, the pass with which a 
sense 

current flows expands only the spreading part, and the resistance of 
one [ 

to the sense current which flows to inter-electrode / 1st and 2nd / at 



least ] pin layer becomes small. Thus, according to said 10th mode, 
the 

resistance of one [ to a sense current / at least ] pin layer is 
reduced, 

as a result the fixed resistance of the 1st and 2nd inter-electrode 
whole 

components is reduced. Therefore, according to said 1st mode, the 

denominator R of MR ratio (= deltaR/R) when [ actual ] obtained as the 
1st 

and 2nd inter-electrode whole components becomes small, and MR ratio 
on 

actual increases. Moreover, in said 6th mode, since the dual type spin 



bulb film is used, MR ratio on actual increases compared with the case 



where the single type spin bulb film is used. 

[0035] The area of said service area may be narrowed as one of the 
matters 

to which improvement in this MR ratio is related effective in 
improvement 

in the output of a component, as other examples of the matter, this 

invention person thought out the structure by the 12th mode mentioned 

later. This point is the same as that of the case of said 1st mode. 
[0036] in said 10th mode, as for the magneto- resistive effect 
component by 
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the 11th mode of this invention, one field of one [ said / at least ] 
pin 

layer contacts electrically one field of said 1st electrode or said 
2nd 

electrode extensively substantially, in this 7th mode, substantially, 

extensively, one field of one [ said / at least ] pin layer may 
contact 

one field of said 1st electrode or said 2nd electrode directly, and 
may 

contact it through the electric conduction film. 

[0037] According to this 11th mode, since one field of one [ at least 



pin layer touches the field of an electrode electrically extensively 

substantially, the resistance of one [ to a sense current / at least ] 
pin 

layer is reduced more, and MR ratio on actual increases further. 
[0038] The magneto- resistive effect component by the 12th mode of this 



invention in said 10th or 11th mode, at least between the fields of 
one 

side and the opposed faces of the adjacent layer which counters the 
field 

concerned of at least one layer which intervenes between said 1st 

electrode and said 2nd electrode it crosses to the field which laps 
wi th 

said service area substantially at least, and between said at least 
one 

layer and said adjacent layers forms a thin insulating layer in extent 



which is not insulated electrically thoroughly. 

[0039] According to this 12th mode, the same advantage as said 3rd 
mode is 

acqui red . 

[0040] the 13th voice of this invention — the magneto- resistive 
effect 
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component depended like — said 12th voice -- setting like, said at 
least 

one layer contains any one configuration layer of the layer of the 
said 

1st and 2nd non-magnetic layers, said free layer, or said 1st and 2nd 
pinned layers. 

[0041] when said thin insulating layer is arranged in the location 

mentioned by this 13th mode, the function in which said thin 
insulating 

layer adjusts the pass of a sense current is demonstrated more by 
validity, and is desirable. 

[0042] in said 12th or 13th mode, as for the magneto- resistive effect 

component by the 14th mode of this invention, said thin insulating 
1 aye r 

contains an oxide or a nitride, when such an ingredient is used as 
said 

thin insulating layer, there is also no possibility [ like ] of 
spoiling 

the property of other film to the effective top as an insulating 
material, 

and it is desirable. 

[0043] the 15th voice of this invention -- the magneto- resistive 
effect 

component depended like — said voice of either the 10th thru/or the 

either -- it sets like and at least one side of said 1st and 2nd 
non-magnetic layers is formed only in the field which laps with said 
service area substantially. 

[0044] Said free layer is formed only in the field to which the 

magneto- resistive effect component by the 16th mode of this invention 
laps 

with said service area substantially in said mode of either the 10th 
thru/or the 15th either. 
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[0045] the 17th voice of this invention — the magneto- resistive 
effect 

component depended like -- said voice of either the 10th thru/or the 
16th 

either — it sets like and at least one side of said 1st and 2nd 
pinned 

layers is formed only in the field which laps with said service area 
substantially. 

[0046] Although said the 15th thru/or 17th mode illustrates the layer 
which can specify said service area, the element which specifies said 
service area is not limited to these. 

[0047] the 18th voice of this invention — the magneto- resistive 
effect 

component depended like -- said voice of either the 10th thru/or the 
17th 

either — it sets like and each of said 1st and 2nd pin layers 
contains 

one or more sorts chosen from the group which consists of PtMn, irMn, 

RuRhMn, FeMn, NiMn, PdPtMn, RhMn, CrMnPt, and other Mn system alloys. 
[0048] According to this 18th mode, the effectiveness that MR ratio 
when [ 

actual ] obtained as the 1st and 2nd inter-electrode whole components 
increases like said 9th mode is remarkable. 

[0049] the 19th voice of this invention — the magneto- resistive 
effect 

component by which the magnetic head depended like was supported with 
the 

base and this base — having — said magneto- resistive effect 
component — 

said voice of either the 1st thru/or the 18th either — it is the 

magneto- resistive effect component depended like. 

[0050] this 19th voice — if it depends like -- said voice of either 

the 

1st thru/or the 18th either — since the magneto- resistive effect 
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component depended like is used, a high power signal can be acquired 
also 

in a narrow track, and high record recording density-ization can be 
attained. 

[0051] in addition, said the 1st thru/or 18th voice -- the application 
of 

the magneto- resistive effect component depended like is not limited to 
the 

magnetic head, and can be used as a magnetometric sensor in other 
various 

applications. 

[0052] The head suspension assembly by the 20th mode of this invention 
is 

equipped with the magnetic head and the suspension where this magnetic 



head is carried near a point, and supports said magnetic head, and 
said 

magnetic head is the magnetic head by said 19th mode. 

[0053] According to this 20th mode, since the magnetic head by said 

19th 

mode is used, high recording density-ization of a magnetic disk drive 
etc. 

can be attained. 
[0054] 

[Embodiment of the invention] Hereafter, the magnetic head using the 

magneto- resistive effect component and this by this invention is 
explained 

with reference to a drawing. 

[0055] [The gestalt of the 1st operation] 

[0056] Drawing 1 is the outline perspective view showing typically the 



magnetic head by the gestalt of operation of the 1st of this 
invention. 

Drawing 2 is the expanded sectional view showing typically the parts 
of 

the gmr component 2 of the magnetic head shown in drawing 1 , and the 
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induction type mag sensing element 3. Drawing 3 is an A-A' view 
schematic 

diagram in drawing 2 . Drawing 4 is the enlarged drawing to which near 



in drawing 3 / GMR component 2 ] was expanded further, in order to 
make an 

understanding easy, as shown in drawing 1 thru/or drawing 4 , the 
x-axi s , 

the Y-axis, and the z-axis which intersect perpendicularly mutually 
are 

defined (the same is said of drawing mentioned later.), x shaft 
orientations are in agreement with the migration direction of a 
magnetic- recording medium. 

[0057] As shown in drawing 1 R> 1, the magnetic head by the gestalt of 
the 

1st operation is equipped with the slider 1 as a base, the GMR 
component 2 

as a magneto- resistive effect component used as a magnetic-head 
component 

for playback, the induction type mag sensing element 3 as a 
magnetic-head 

component for record, and the protective coat 4 that consists of dlc 
film 

etc., and is constituted as the compound-die magnetic head. But the 

magnetic head by this invention may be equipped only with the gmr 

component 2. Moreover, with the gestalt of the 1st operation, although 
one 

component 2 and 3 is formed at a time, respectively, the number is not 



limited at all . 

[0058] A slider 1 has the rail sections 11 and 12 in a 
magneti c- recordi ng 

medium opposed face side, and the front face of the rail sections 11 
and 
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12 constitutes ABS (air bearing side). In the example shown in drawing 

although the number of the rail sections 11 and 12 is two, it is not 

restricted to this. For example, you may have the 1-3 rail sections, 
and 

ABS may be a flat surface without the rail section. Moreover, various 

geometry may be given to ABS for a floatation property improvement 
etc. 

The magnetic head by this invention may have the slider of which type. 

[0059] A protective coat 4 is formed only in the front face of the 
rail 

sections 11 and 12, and the front face of a protective coat 4 
constitutes 

ABS from a gestalt of the 1st operation. But a protective coat 4 may 
be 

formed all over the magnetic- recording medium opposed face of a slider 



Moreover, although it is desirable to form a protective coat 4, it is 
not 

necessary to necessarily form a protective coat 4. 

[0060] Trie GMR component 2 and the induction type MAG sensing element 



are formed in the air runoff edge TR side of the rail sections 11 and 
12, 

as shown in drawing 1 . The record-medium migration direction is in 
agreement with x shaft orientations in drawing, and in agreement with 

runoff direction of air moved when a magnetic- recording medium carries 
out 

high-speed migration. Air enters from the inflow edge LE and flows out 
of 

the runoff edge tr. The bonding pads 5c and 5d connected to the 
bonding 

pads 5a and 5b connected to the GMR component 2 and the induction type 
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MAG 

sensing element 3 are formed in the end face of the air runoff edge TR 
of 

a slider 1. 

[0061] as shown in drawing 2 and drawing 3 , the laminating of the GMR 



component 2 and the induction type MAG sensing element 3 is carried 
out on 

the substrate layer 16 prepared on the ceramic base 15 which 
constitutes a 

slider 1. The ceramic base 15 usually consists of Al chick 

(aluminum203-TiC) or Sic. when using aluminum203-TiC, since this has 

conductivity, the insulator layer which consists of aluminum 203 is 
used 

as a substrate layer 16. it is not necessary to form the substrate 
layer 

16 depending on the case. 

[0062] The lower electrode 21 formed on the substrate layer 16 as the 

GMR 

component 2 was shown in drawing 4 , It has the lower metal layer 22 
by 

which the laminating was carried out to order from the lower electrode 



side between the up electrode 28 formed in the lower electrode 21 
upside 

(a base 15 and opposite hand), an electrode 21, and 28, the pin layer 
23, 

the pinned layer 24, the non-magnetic layer 25, the free layer 26, and 
the 

up metal layer (cap layer) 27. 

[0063] with the gestalt of the 1st operation, the lower electrode 21 
and 

the up electrode 28 are made to serve a double purpose as lower 
magneti c 

shielding and up magnetic shielding, respectively. Electrodes 21 and 
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28 



are formed with magnetic materials, such as NiFe. Although not shown 
in a 

drawing, these electrodes 21 and 28 are electrically connected to the 
bonding pads 5a and 5b mentioned above, respectively, in addition, the 



lower electrode 21 and the up electrode 28 cannot independently be 

overemphasized by that lower magnetic shielding and up magnetic 
shielding 

may be prepared. 

[0064] The lower metal layer 22 consists of layered products of Ta 
layer 

by which serves as a conductor, for example, the laminating was 
carried 

out to order from the base 16 side, and a NiFe layer etc. A pinned 
1 aye r 

24 and the free layer 26 consist of ferromagnetic layers, 
respectively, 

for example, are formed with ingredients, such as Fe, Co, nickel, 
Feco, 

. „ ej-ftrA"''-*'-''- 1 

NiFe, CozrNb, or FeCoNi . As for the pin layerJ2.3^ it is desirable to 



alloys, such as PtMn, irMn, RuRhMn, FeMn, NiMn, PdPtMn, RhMn, or 
crMnPt. 

As for the^pinned layer 24, j the magnetization direction is being fixed 

the predetermined direction by the switched connection bias field 
between 



the pin layers 23. on the other hand, the v free layer 26 answers the 

- • ,~ . . . ... . . . 



external magnetic field which is magnetic information fundamentally, 
and 




changes the sense of magnetization freely. A /non-magnetic layer 
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formed with ingredients, such as Cu, au, or Ag. 

[0065] The ingredient of the up metal layer 27 is the viewpoint that 

resistance is low even if it carries out that it is (a) low 
resistance, 

that it is hard to carry out (b) oxidation, and (c) oxidation, and 

choosing is desirable. As for such a viewpoint to the up metal layer 
27 , 

it is desirable to form by the monolayer or the multilayer using the 

simple substance of Ru, Rh, os, w, Pd, Pt, Cu, or Ag or the alloy 
whi ch 

consists of any two or more sorts of such combination, if the up metal 



layer 27 is constituted from an ingredient of low resistance and the 
thickness is made thin, MR ratio when [ actual ] obtained as the GMR 
component 2 whole can be raised. 

[0066] as shown in drawing 4 , the magnitude of the plane view of a 
pinned 

layer 24, a non-magnetic layer 25, the free layer 26, and the up metal 



layer 27 is prescribed by the gestalt of the 1st operation according 
to 

the desired width of recording track tw and MR height, namely, -- the 

estalt of the 1st operation — a pinned layer 24, a non-magnetic 
ayer 

25, the free layer 26, and the up metal layer 27 — between an 
electrode 

21 and 28 -- setting — a film surface and **** — it is formed only 
in 

the field which laps with the service area of the direction of a film 
surface where a current flows in the vertical direction substantially. 



it puts in another way, with the gestalt of the 1st operation, the 
pinned 
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layer 24, the non-magnetic layer 25, the free layer 26, and the up 
metal 

layer 27 will have specified said service area. But any one or more of 
a 

pinned layer 24, a non-magnetic layer 25, the free layer 26, and the 
up 

metal layers 27 may extend also to fields other than the field which 
laps 

with said service area substantially, as such an example, the gestalt 
of 

the 3rd mentioned later and the 4th operation can be mentioned. 
[0067] on the other hand, with the gestalt of the 1st operation, the 
pin 

layer 23 is the same thickness as substantially as said predetermined 

thickness, and is continuously formed in the field which does not lap 
with 

said service area substantially from the field which laps with said 

service area substantially while it is formed in the field which laps 
wi th 

said service area substantially by predetermined thickness, as shown 
in 

drawing 2 thru/or drawing 4 . The underside of the pin layer 23 
touches 

the top face of an electrode 21 electrically through the lower metal 
layer 

22 extensively, it is also possible to contact the underside of the 
pin 

layer 23 on the top face of an electrode 21 directly electrically, 
without 

forming the lower metal layer 22. 

[0068] as shown in drawing 3 and drawing 4 , the layers 31 and 32 

containing the hard magnetism layer as a bias layer (magnetic-domain 

control layer) which gives the bias field for magnetic-domain control 
are 

Page 24 



JP2003-060262.txt 

formed in the both sides of z shaft orientations of the free layer 26. 
The 

insulating layers 33 and 34 which consist of aluminum 203 etc. are 
formed 

in the these layer 31 and 32 bottom and layer 24-27 side. Moreover, 

although not shown in a drawing, layers 31 and 32 have the insulating 

layer which consists of aluminum 203 etc. as the maximum upper layer 
whi ch 

constitutes the part, respectively. Thereby, layers 31 and 32 are 

insulated by other layers and electric targets. The hard magnetism 
layer 

which layers 31 and 32 contain is formed with ingredients, such as 
Cr/CoPt 

(cobalt platinum alloy), Cr/coCrPt (cobalt chrome platinum alloy), 
Tiw/coPt, and Tiw/CoCrPt. 

[0069] As shown in drawing 2 , between the pin layer 23 and the up 

electrode 28, the insulating layer 35 as a gap layer is formed in the 

field in which the layers 24-27 which constitute the layers 31 and 32 
and 

the GMR component 2 containing a hard magnetism layer are not formed. 
An 

insulating layer 35 is formed with ingredients, such as aluminum 203, 
Si02 

and MgO, or Ti02. 

[0070] The induction type MAG sensing element 3 has the protective 
1 aye r 

40 which consists of an insulating layer 39, an alumina, etc. which 

consisted of organic resin which consists of said up electrode 28 made 
to 

serve a double purpose also as a lower magnetic layer to the component 



concerned, the up magnetic layer 36, a coil layer 37, an alumina, 
etc., 
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such as the light gap layer 38 and novolak resin, as shown in drawing 



and drawing 3 . as construction material of a magnetic layer 36, NiFe 
or 

FeN is used, for example. The point of the up electrode 28 made to 
serve a 

double purpose also as a lower magnetic layer and the up magnetic 
layer 36 

is lower pole section 28a and up pole section 36a which separate the 
light 

gap layers 38, such as an alumina of minute thickness, and counter, 
and 

writes in information to a magnetic- recording medium in lower pole 
section 

28a and up pole section 36a. in the bond part 41 which is in an 
opposite 

hand with lower pole section 28a and up pole section 36a, as for the 
up 

electrode 28 made to serve a double purpose also as a lower magnetic 

layer, and the up magnetic layer 36, the yoke section is mutually 
combi ned 

so that a magnetic circuit may be completed. The coil layer 37 is 
formed 

in the interior of an insulating layer 39 so that it may turn around 
the 

bond part 41 of the yoke section spirally. The ends of the coil layer 



are electrically connected to bonding pads 5c and 5d. The number of 
turns 

and number of layers of the coil layer 37 are arbitrary. Moreover, the 



structure of the induction type MAG sensing element 3 is also 
arbitrary, 

and good. 

[0071] Next, an example of the manufacture approach of the magnetic 
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head 

by the gestalt of the 1st operation is explained. 

[0072] First, a wafer process is performed. That is, the wafers 101 

whi ch 

should serve as a base 1, such as aluminum2o3-Tic or sic, are 
prepared, 

and using thin film coating technology etc., it forms in the formation 



field of much magnetic heads of the shape of a matrix on a wafer 101 
so 

that it may become the structure which mentioned above each class 
mentioned above, respectively. 

[0073] The outline of this wafer process is explained with reference 
to 

drawing 5 thru/or drawing 8 . Drawing 5 thru/or drawing 8 are drawings 



showing typically each process which constitutes a wafer process, and 

drawing 5 (a), drawing 6 (a), drawing 7 (a), and drawing 8 (a) are 
outline 

top views, respectively. The outline sectional view where drawing 5 
(b) 

met the B-c line in drawing 5 (a), the outline sectional view where 
drawing 6 (b) met the B-C line in drawing 6 (a), the outline sectional 



view where drawing 7 (b) met d-e lines in drawing 7 (a), and drawing 8 
(b) 

are the outline sectional views in alignment with d-e lines in drawing 



(a), in addition, in drawing 6 (a), TW shows the width of recording 
track 

which the GMR component 2 specifies. 

[0074] At a wafer process, the laminating of the substrate layer 16, 
the 

lower electrode 21, the lower metal layer 22, the pin layer 23, a 
pinned 
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layer 24, a non-magnetic layer 25, the free layer 26, and the up metal 



layer 27 is first carried out one by one on a wafer 101 ( drawing 5 ). 
At 

this time, the lower electrode 21 is formed for example, by the 

alvanizing method, and forms other layers by the spatter. 

0075] Next, by the 1st ion milling, a pinned layer 24, a non-magnetic 



layer 25, the free layer 26, and the up metal layer 27 are selectively 



removed in order to specify the width of recording track tw. At this 
time, 

the stop location of the 1st ion milling is important. That is, the 
1st 

ion milling is stopped in the location where the clearance depth 
serves as 

a boundary of a pinned layer 24 and the pin layer 23. That is, 
ideally, 

although the 1st ion milling removes even a pinned layer 24 thoroughly 



about the depth direction, it is the location which is not removed at 
all 

and stops the pin layer 23. Such a stop location can be appropriately 
set 

up by carrying out the monitor of the matter which comes out in 
milling by 

SIMS (secondaryion-microprobe Mass Spectrometer, secondary ion mass 

spectrometer). And the layers 31 and 32 which contain insulating 
layers 33 

and 34 and a hard magnetism layer in the part removed by the 1st ion 
milling are formed after the 1st ion milling using the lift-off method 

d rawi ng 6 ) . 

[0076] Subsequently, according to the last configuration, patterning 
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of a 

pinned layer 24, a non-magnetic layer 25, the free layer 26, and the 
up 

metal layer 27 is carried out about the height direction of the GMR 
component 2 by the 2nd ion milling ( drawing 7 ). The stop location of 



this 2nd ion milling is also important, ideally, although the 2nd ion 

milling also removes a pinned layer 24 thoroughly about the depth 

direction, it is the location which is not removed at all and stops 
the 

pin layer 23. Then, an insulating layer 35 is formed and patterning of 



this is carried out by the lift-off method ( drawing 7 ). 

[0077] Then, the up electrode 28 is formed by the galvanizing method 

etc. 

on the wafer 101 of the condition which shows in drawing 7 ( drawing 8 
R> 

8). 

[0078] Finally, the gap layer 38, the coil layer 37, an insulating 
layer 

39, the up magnetic layer 36, and a protective coat 40 are formed, and 



bonding pads 5a-5d etc. are formed further. Thereby, a wafer process 
is 

completed. 

[0079] Next, the magnetic head is completed through a well-known 
process 

to the wafer which the wafer process back completed, when explained 

briefly, the part of two or more magnetic heads was arranged in the 
shape 

of a single tier on the base from said wafer — it starts each bar 

(bar-like magnetic-head aggregate), subsequently, in order to set up 

throat height, MR height, etc. to this bar, wrapping processing 
(polish) 
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is performed to that ABS side. Then, the field by the side of ABS of 
the 

bar after wrapping processing is etched if needed for smear clearance. 



Next, a protective coat 4 is formed in the ABS side, and rails 11 and 
12 

are further formed by etching etc. Finally, machining cuts and a bar 
is 

divided into each magnetic head. Thereby, the magnetic head by the 
gestalt 

of the 1st operation is completed. 

[0080] with the gestalt of the 1st operation, since it is arranged as 

electrodes 21 and 28 mentioned above to the magneto- resistive effect 
layer 

(the pin layer 23, a pinned layer 24, a non-magnetic layer 25, free 
layer 

26), CPP structure is realized. Therefore, the short circuit between 

magnetic-shi el ding-components (poor insulation) which poses a serious 

problem in the formation of a ** lead gap of CIP structure does not 
arise 

in essence. 

[0081] Moreover, since the magneto- resistive effect layer contains the 



non-magnetic layer 25 arranged as mentioned above, the free layer 26, 
the 

pinned layer 24, and the pin layer 23, it constitutes the so-called 
spin 

bulb film from a gestalt of the 1st operation. Therefore, low 

resistance-ization can be attained compared with a tmr component. 
[0082] And as mentioned above with the gestalt of the 1st operation, 
the 

pin layer 23 is the same thickness as substantially as said 
predetermined 

thickness, and is continuously formed in the field which does not lap 
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with 

said service area substantially from the field which laps with said 

service area substantially while it is formed in the field which laps 
with 

said service area substantially by predetermined thickness, as shown 
in 

drawing 2 thru/or drawing 4 . Thus, since the field in which the pin 
layer 

23 is formed spreads out from said service area, the pass with which a 



sense current flows expands only the spreading part, and the 
resistance of 

the pin layer 23 to the sense current which flows among electrodes 21 
and 

28 becomes small, with the gestalt of the 1st operation, while 
especially 

the pin layer 23 is the thickness as the thickness of the field which 

lapped with said service area also with the same thickness of the 
field 

which does not lap with said service area, since the underside of the 
pin 

layer 23 touches the top face of an electrode 21 electrically through 
the 

lower metal layer 22 extensively, the pin layer 23 will act as some 
actual 

top electrodes. Therefore, the resistance of the pin layer 23 to a 
sense 

current can be made small. Thus, according to the gestalt of the 1st 

operation, the resistance of the pin layer 23 to a sense current is 

reduced substantially, as a result the fixed resistance of an 
electrode 21 

and the whole component between 28 is reduced. Therefore, according to 
the 
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?estalt of the 1st operation, the denominator R of MR ratio 
=deltaR/R) 

when [ actual ] obtained as an electrode^21 and the whole component 

between 28 becomes small, and MR ratio on actual increases. 

[0083] By the way, the output of a actual component becomes important 



the value of product isxdelta R of deltaR and the sense current is ]. 

Therefore, the output of a component cannot be raised only by raising 
the 

MR ratio by making small the denominator R of MR ratio on actual (= 

deltaR/R). However, if the area of said service area is narrowly 

constituted after adopting the structure of the gestalt of the 1st 

operation and making R small, R and delta R can also raise deltaR, 

maintaining MR ratio which improved from it being mostly in inverse 

proportion to the area of said service area. Thus, according to the 

gestalt of the 1st operation, MR ratio and the output of a component 
can 

be heightened, for example only by narrowing the area of a service 
area. 

[0084] Therefore, according to the gestalt of the 1st operation, a 
high 

power signal can be acquired also in a narrow track, and high record 

recording density-ization can be attained. 
[0085] [The gestalt of the 2nd operation] 

[0086] Drawing 9 is the outline sectional view showing typically the 

important section of the magnetic head by the gestalt of operation of 
the 

2nd of this invention, and supports drawing 4 R> 4. in drawing 9 , the 



same sign is given to the same as that of the element in drawing 4 , 
or a 

corresponding element, and the overlapping explanation is omitted. 
[0087] As the comparison with drawing 9 and drawing 4 shows, the place 
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where the gestalt of the 2nd operation differs from the gestalt of 
said 

1st operation is only the point that the thickness of the pin layer 23 
of 

a field which does not lap with said service area substantially is 
thinner 

than the thickness of the pin layer 23 of a field which lapped with 
sai d 

service area substantially. Such structure can obtain the stop 
location of 

said 1st and 2nd ion milling described in the manufacture approach of 
the 

magnetic head by the gestalt of said 1st operation about the depth 

direction by setting up so that a part of pin layer 23 may be removed, 
for 

example. 

[0088] According to the gestalt of the 2nd operation, if compared with 
the 

gestalt of the 1st operation, the resistance of the pin layer 23 to a 

sense current will become large a little, MR ratio on actual will fall 
a 

little, but the same advantage as the gestalt of the 1st operation is 
acqui red fundamental 1 y . 

[0089] in addition, since the resistance of the pin layer 23 to a 
sense 

current becomes high and MR ratio on actual falls the more the more 
the 

thickness of the pin layer 23 of a field which does not lap with said 

service area substantially becomes thin it is desirable that it is 30% 
or 

more of the thickness of the pin layer 23 of a field which lapped with 
the 

non-magnetic layer, as for the thickness of the pin layer 23 of a 
field 

Page 33 



JP2003-060262.txt 

which does not lap with said service area substantially, it is more 

desirable that it is 50% or more, and it is much more desirable that 
it is 

70% or more. 

[0090] [The gestalt of the 3rd operation] 

[0091] Drawing 10 is the outline sectional view showing typically the 

important section of the magnetic head by the gestalt of operation of 
the 

3rd of this invention, and supports drawing 4 . in drawing 10 , the 
same 

sign is given to the same as that of the element in drawing 4 , or a 

corresponding element, and the overlapping explanation is omitted. 
[0092] The place where the gestalt of the 3rd operation differs from 
the 

gestalt of said 1st operation so that the comparison with drawing 10 
and 

drawing 4 may show is only a point currently continuously formed also 
in 

the field to which a pinned layer 24 and a non-magnetic layer 25 do 
not 

lap with said service area substantially from the field which is the 
same 

thickness as substantially as the field which laps with said service 
area 

substantially, and laps with said service area substantially. 
Therefore, 

with the gestalt of the 3rd operation, the free layer 26 and the up 
metal 

layer 27 have specified said service area. Such structure can obtain 
the 

stop location of said 1st and 2nd ion milling described in the 
manufacture 

approach of the magnetic head by the gestalt of said 1st operation 
about 
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the depth direction by setting up so that it may become the boundary 
of a 

non-magnetic layer 25 and the free layer 26, for example. 

[0093] Also according to the gestalt of the 3rd operation, the same 

advantage as the gestalt of the 1st operation is acquired. 
[0094] [The gestalt of the 4th operation] 

[0095] Drawing 11 is the outline sectional view showing typically the 

important section of the magnetic head by the gestalt of operation of 
the 

4th of this invention, and supports drawing 4 . in drawing 11 , the 
same 

sign is given to the same as that of the element in drawing 4 , or a 

corresponding element, and the overlapping explanation is omitted. 
[0096] The place where the gestalt of the 4th operation differs from 
the 

gestalt of said 1st operation so that the comparison with drawing 11 
and 

drawing 4 may show (a) Also to the field to which a pinned layer 24 
does 

not lap with said service area substantially, substantially with the 
field • 

which laps with said service area substantially by the same thickness 
By 

thickness thinner than the thickness of the point currently 
continuously 

formed from the field which laps with said service area substantially, 
and 

the field which laps with said service area substantially also to the 
field to which the (b) non-magnetic layer 25 does not lap with said 
service area substantially it is only the point currently continuously 



formed from the field which laps with said service area substantially. 



Therefore, with the gestalt of the 4th operation, the part with the 
thi ck 
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thickness of the free layer 26, the up metal layer 27, and a 
non-magnetic 

layer 25 has specified said service area. Such structure can obtain 
the 

stop location of said 1st and 2nd ion milling described in the 
manufacture 

approach of the magnetic head by the gestalt of said 1st operation 
about 

the depth direction by setting up so that a part of non-magnetic layer 



may be removed, for example. 

[0097] Also according to the gestalt of the 4th operation, the same 

advantage as the gestalt of the 1st operation is acquired. 
[0098] [The gestalt of the 5th operation] 

[0099] Drawing 12 is the outline sectional view showing typically the 

important section of the magnetic head by the gestalt of operation of 
the 

5th of this invention, and supports drawing 4 . in drawing 12 , the 
same 

sign is given to the same as that of the element in drawing 4 , or a 

corresponding element, and the overlapping explanation is omitted. 
[0100] As the comparison with drawing 12 and drawing 4 shows, the 

insulating layer 60 thin to extent from which the place where the 
gestalt 

of the 5th operation differs from the gestalt of said 1st operation is 



crossed only to the field which laps with said service area 
substantial I y 

between the free layer 26 and the up metal layer 27, and between the 
free 

layer 26 and the up metal layers 27 is not insulated electrically 
thoroughly is only the point currently formed. Although especially the 



ingredient of the thin insulating layer 60 is not limited, forming 
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with an 

oxide or a nitride is desirable. Thickness of the thin insulating 
layer 60 

is made into the thickness of extent from which between the layers of 
the 

upper and lower sides of the insulating layer 60 concerned is not 

insulated electrically thoroughly, for example, can be set to lnm or 
less. 

[0101] So to speak, a film like the thin insulating layer 60 is an 

imperfect layer, and can explain as a model the layer by which the 
pinhole 

etc. was formed in Mr. **** 1. Therefore, the effectiveness same with 
having narrowed the area of said service area is acquired, without the 



thin insulating layer's 60 reducing effectually the area of the pass 
of a 

sense current which flows between the up metal layer 27 and the free 
1 aye r 

26, and narrowing the area of said service area actually. That is, the 



thin insulating layer 60 bears the operation which increases the 

aforementioned deltaR, with MR ratio maintained which improved. For 
thi s 

reason, according to the gestalt of the 5th operation, like the 
gestalt of 

said 1st operation, a high power signal can be acquired also in a 
narrow 

track, and high record recording density-ization can be attained. 
[0102] Thus, the same advantage as the gestalt of said 1st operation 
is 

acquired also according to the gestalt of the 5th operation. However, 
even 

if it narrows the area of said service area, there is a limitation on 

manufacture. On the other hand, since according to the gestalt of the 
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5th 

operation the aforementioned deltaR can be increased, with MR ratio 

maintained which improved even if it does not narrow the area of said 

service area, the aforementioned deltaR can be increased, with MR 
rati o 

maintained which improved to desired extent in spite of the limitation 
on 

such manufacture. 

[0103] in addition, the magnetic head by the gestalt of the 5th 
operation 

For example, it sets to the manufacture approach of the magnetic head 
by 

the gestalt of said 1st operation, it can manufacture by carrying out 
the 

laminating of each class 16, 21-26, and 60 and 27 one by one, and 
mi 11 i ng 

a layer 60 with layers 24-27 in said 1st and 2nd ion milling instead 
of 

carrying out the laminating of each class 16, 21-27 one by one in a 

process as shown in drawing 5 . in addition, a spatter etc. can 
perform 

formation of a layer 60. 

[0104] By the way, with the gestalt of the 5th operation, the thin 

insulating layer 60 is formed between the free layer 26 and the up 
metal 

layer 27. However, in this invention, not the thing limited to this 
but 

the thin insulating layer 60 may be formed at least between the fields 
of 

one side and the opposed faces of the adjacent layer which counters 
the 

field concerned of at least one layer which intervenes between an 
electrode 21 and 28. For example, the thin insulating layer 60 may be 
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formed or more in any one between a layer 26 and 27 and in between a 
layer 

27 and 28 between a layer 25 and 26 between a layer 24 and 25 between 
a 

layer 23 and 24 between a layer 22 and 23 between a layer 21 and 22. 
Moreover, for example, when either of the layers 22-27 carries out the 



laminating of two or more layers (two or more configuration layers), 
the 

thin insulating layer 60 may be formed between [ of two or more 

configuration layers concerned ] two layers. But as for the thin 

insulating layer 60, it is desirable to form in the top face or 
underside 

of any one configuration layer of a pinned layer 24, the non-magnetic 

layer 25, or the free layers 26. [ of a layer ] it is because the 
function 

in which the thin insulating layer 60 adjusts the pass of a sense 
current 

will be demonstrated more if the thin insulating layer 60 is arranged 
in 

such a location. 

[0105] Moreover, the thin insulating layer 60 is gone across and 
formed 

only in the field which laps with said service area substantially with 
the 

gestalt of said 5th operation. However, in this invention, the thin 

insulating layer 60 may extend also to fields other than the field 
whi ch 

laps with said service area substantially. For example, when forming 
the 

thin insulating layer 60 between a layer 23 and 24 in drawing 12 , 
thi s 

thin insulating layer 60 may be made to extend between layers 33 and 
34 
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and a layer 23. 

[0106] in addition, in the gestalt of the 2nd mentioned above thru/or 
the 

4th operation, it cannot be overemphasized that the thin insulating 
layer 

equivalent to the thin insulating layer 60 in drawing 12 may be 
prepared. 

[0107] [The gestalt of the 6th operation] 

[0108] Drawing 13 is the outline sectional view showing typically the 

important section of the magnetic head by the gestalt of operation of 
the 

6th of this invention, and supports drawing 4 . in drawing 13 , the 
same 

sign is given to the same as that of the element in drawing 4 , or a 

corresponding element, and the overlapping explanation is omitted. 
[0109] The place where the gestalt of the 6th operation differs from 
the 

gestalt of the 1st operation is mainly only the point of explaining 
elow. 

That is, with the gestalt of the 6th operation, the up metal layer 27 
in 

drawing 4 is removed, instead the. non-magnetic layer 125, the pinned 
layer . 

124, the^pin layer liT^and the up metal layer 127 are formed 
sequentiaTTy — r~~~ r ~~~~" 

from the free layer 26 side between the free layer 26 and the up 
electrode^ .^^^ 

28. The non-magnetic layer 125 and the/pinned layer 124^are formed 
only in V 

the^ field which laps with said service area substantially like the 
• pinned is 

N4Yer24/ the non-magnetic layer 25) and the v free layer 26. On the 
other ' v - •• . 

hand, the pin layer 123 and the up metal layer 127 the field which 
does 
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not lap with said service area substantially while being formed in the 



field which laps with said service area substantially by predetermined 



thickness like the pin layer 23 and the lower metal layer 22 -- said 



given thickness -- ** -- substantial -- the same thickness (it is good 



also by thin thickness, said given thickness half beak --) it is 
continuously formed from the field which laps with said service area 
substantially. Moreover, the top face of the pin layer 123 touches the 



underside of an electrode 28 electrically through the up metal layer 
127 

extensively, in addition, it cannot be overemphasized that layers 
123-125 

can be formed with the respectively same ingredient as layers 23-25. 

Moreover, the up metal layer 127 can be formed with the same 
ingredient as 

the up metal layer 27 in drawing 4 . 

[0110] Although the dual type spin bulb film is constituted from a 
gestalt 

of the 6th operation by layer 23-26,123-125, since the pin layer 
23,123 

has spread, like the gestalt of said 1st operation, the resistance of 
the 

pin layer 23,123 to a sense current is reduced, and MR ratio when [ 
actual 

] obtained as an electrode 21 and the whole component which it is 
between 

28 increases. In addition, either of the pin layers 23,123 may be 
formed 

only in the field which laps with a non-magnetic layer 25 
substantially in 
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this invention. 

[0111] in addition, in this invention, if the gestalt of said 1st 

operation was transformed and the gestalt of said the 2nd thru/or 5th 

operation was acquired, respectively can transform the gestalt of the 
6th 

operation similarly. 

[0112] [The gestalt of the 7th operation] 

[0113] Drawing 14 is the outline top view seen from the 

magneti c- recordi ng 

medium opposed face side which shows the head suspension assembly by 
the 

estalt of operation of the 7th of this invention. 
0114] The head suspension assembly by the gestalt of the 7th 
operation is 

equipped with the magnetic head 71 and the suspension 72 where the 

magnetic head 71 is carried near a point, and supports the magnetic 
head 

71. As the magnetic head 71, one concerning those modifications of the 



magnetic heads is used for the 1st mentioned above thru/or the gestalt 



list of the 6th operation. Drawing 14 shows only the slider 1 (also 
see 

drawing 1 ) as a component of the magnetic head 71. 

[0115] The suspension 72 has FUREKUSHA 73 equipped with the slider 1 

of 

the magnetic head 71, the load beam 74 which supports furekusha 73 and 



ives thrust (load) to the slider 1 of the magnetic head 71, and the 
ase 

plate 75. 

[0116] the protective layer which becomes the substrate which consists 
of 

a thin stainless steel plate which was missing from the end face side 
from 

the head side, and was prolonged in band-like, the insulating layer 
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whi ch 

consists of a polyimide layer formed on this substrate, and four 
conductor 

patterns 81a-81d for signal I/O formed on this insulating layer from 
the 

polyimide layer formed on these although furekusha 73 is not shown in 
a 

drawing -- since -- it is constituted. Conductor patterns 81a-81d are 

mostly formed in the die-length direction of furekusha 73 over the 
overall 

length. 

[0117] By the shape of a **** KO character extracting in the point of 

furekusha 73 by plane view, and forming a slot 82 in it, the gimbal 

section 83 is constituted and the slider 1 of the magnetic head 71 is 

joined to the gimbal section 83 by adhesives etc. in the bonding pads 

5a-5d (refer to drawing 1 ) prepared in the slider 1, and the 
approaching 

part, four bonding pads to which the conductor patterns [ 81a-81d ] 
end 

section was connected electrically, respectively are formed in 

FUREKUSHA 

73, respectively. These bonding pads are electrically connected to the 



bonding pads 5a-5d of a slider 1 by the golden ball etc., 
respectively. 

Moreover, the bonding pads 84a-84d for external circuit connection to 
which the conductor patterns [ 81a-81d ] other end was connected 
electrically, respectively are formed in the end face side of 

FUREKUSHA 
73. 

[0118] The load beam 74 is formed with the comparatively thick 
stainless 

steel plate etc. The load beam 74 has elastic section 74b which 
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generates 

the thrust which is located by the plane view by the side of a head 

between abbreviation triangle-like rigid section 74a, the base-plate 
joint 

by the side of a end face, and rigid section 74a and said joint, and 
is 

given to the slider 1 of the magnetic head 71, and supporter 74c which 



extends in the side from said joint and supports a part for the end 
face 

flank of furekusha 74. in drawing 14 , the bending standi ng-up section 
for 

raising 74d of rigidity of rigid section 74a and 74e are holes which 

adjust the thrust which elastic section 74b generates, in rigid 
secti on 

74a of the load beam 74, FUREKUSHA 73 has fixed at two or more spot 

welding points 91 depended on laser welding etc. Moreover, to said 
joint 

of the load beam 74, the base plate 75 has fixed at two or more spot 
welding points 92. A part for the end face flank of FUREKUSHA 73 is 
supported by supporter 74c of the load beam 74 protruded into the side 



from the base plate 75. 

[0119] with the gestalt of the 7th operation, since one concerning 
those 

modifications of the magnetic heads is carried in the 1st mentioned 
above 

thru/or the gestalt list of the 6th operation as the magnetic head 71, 
if 

the head suspension assembly by the gestalt of the 7th operation is 
used 

for a magnetic disk drive etc., high recording density-ization of the 

magnetic disk drive concerned etc. can be attained. 
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[0120] 

[Example] The GMR component 2 adopted by the magnetic head by the 
gestalt 

of said 1st operation and the GMR component with the same 
configuration 

were produced as a sample of an example 1. 

[0121] The structure of the sample of an example 1 was as being shown 
in 

drawing 15 , and the configuration of the main each class was carried 
out 

as shown in the following table 1. in addition, 203 layers of aluminum 



were used as a substrate layer, using Al chick as a wafer 101. Drawing 



is drawing showing the sample of an example 1 typically, and it is the 



outline sectional view where drawing 15 (a) met the outline top view, 
and 

drawing 15 (b) met the F-G line in drawing 15 (a). The cross section 
which 

met the H-J line in drawing 15 (a) also becomes the same as that of 

drawing 15 (b) . in drawing 15 , the same sign is given to the same as 
that 

of the element in drawing 1 thru/or drawing 8 , or a corresponding 

element, and the overlapping explanation is omitted. 

[0122] 

[A table 1] 



[0123] The place where the structure of the sample of an example 1 
differs 

from the structure of the GMR component shown in drawing 1 thru/or 
drawing 

8 R> 8 is the point which formed the insulating layer 200 so that it 
might 

mainly replace with the layers 31 and 32 and insulating layers 33-35 
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containing a hard magnetism layer and layers 24-27 might be 
surrounded. 

[0124] The sample of an example 1 was produced by the approach 
explained 

below. This production approach is explained with reference to drawing 
18 

and drawing 19 R> 9. Drawing 18 (a) and drawing 19 (a) are outline top 



views, respectively. The outline sectional view where drawing 18 (b) 
met 

the F-G line in drawing 18 (a), and drawing 19 (b) are the outline 

sectional views which met the f-g line in drawing 19 (a). 

[0125] First, the laminating of the substrate layer 16, the lower 

electrode 21, the lower metal layer 22, the pin layer 23, a pinned 
layer 

24, a non-magnetic layer 25, the free layer 26, and the up metal layer 



was carried out one by one on the wafer 101 ( drawing 18 ). At this 
time, 

the lower electrode 21 was formed by the galvanizing method, and 
formed 

other layers by the spatter. 

[0126] Next, ion milling removed the pinned layers 24, the 
non-magnetic 

layers 25, the free layers 26, and the up metal layers 27 of a field 
other 

than a lOOnmxlOOnm field by plane view. Although it was made to stop 
in 

the location where that clearance depth serves as a boundary of a 
pinned 

layer 24 and the pin layer 23 and this ion milling removed even the 
pinned 

layer 24 thoroughly about the depth direction, carrying out a monitor 
by 

SIMS, it did not remove the pin layer 23 at all substantially. That 
is, 
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thickness of the pin layer 23 of a field (henceforth a "breadth 
field") 

which does not lap with layers 24-27 substantially was set to 15nm as 
well 

as the thickness of the field (henceforth a "lap field") which laps 
with 

layers 24-27 substantially (table 2 reference mentioned later). 
[0127] Subsequently, the insulating layer 200 was formed and the part 
on 

the up metal membrane 27 of an insulating layer 200 was removed by the 



lift-off method ( drawing 19 ). Finally, the up electrode 28 was 
formed by 

the galvanizing method, and the sample of the example 1 shown in 
d rawi ng 

15 was obtained. 

[0128] Moreover, only the point of explaining below to the sample of 
an 

example 1 was changed, and others were produced by the production 
approach 

which changed only the point of explaining the production approach of 
an 

example 1 for the sample of an example 2 made completely the same, and 
the 

sample of the example of a comparison below. Drawing 16 is the outline 



sectional view showing the sample of an example 2 typically. Drawing 
17 is 

the outline sectional view showing the sample of the example of a 

comparison typically. Drawing 16 and drawing 17 support drawing 15 
(b). 

[0129] with the sample of an example 1, as were shown in the following 



table 2, and mentioned above, the thickness of the breadth field of 
the 
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pin layer 23 also lapped, and it could be 15nm as well as the 
thickness of 

a field, on the other hand, with the sample of an example 2, said 
mi 11 i ng 

was performed until 3nm was deeply removed from the top face of the 
pin 

layer 23, and thickness of the pin layer 23 of a breadth field was set 
to 

12nm. with the sample of the example of a comparison, said milling was 



performed to the boundary of the pin layer 23 and the lower metal 
layer 

22, and like the conventional technique, the breadth field of the pin 

layer 23 was lost and it left the pin layer 23 only to the lap field, 
in 

addition, the thickness of the pin layer 23 in a table 1 is the 
thickness 

in a lap field. 

[0130] 

[A table 2] 



[0131] About each of these samples, the magnetic field of **2kOe was 

impressed, respectively and MR ratio when [ actual ] a predetermined 

current is passed, the resistance between an electrode 21 and 28 is 

measured and it is obtained from those measurement results as the 
whole 

component between an electrode 21 and 28 was computed. MR ratio 
obtai ned 

about each sample is shown in a table 2. what MR ratio on actual 
increases 

compared with the case where there is no breadth field of the pin 
layer 23 

when there is a breadth field of the pin layer 23, the thickness of 
the 
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breadth field of the pin layer 23 laps, the thickness of the breadth 
field 

of the pin layer 23 moreover laps compared with the case of being 
thinner 

than the thickness of a field, and MR ratio increases [ the direction 
in 

the case of being the same as the thickness of a field ] further is 
understood. 

[0132] Moreover, it produced as a sample of an example 3 by the 

manufacture approach (what added modification relevant to the thin 

insulating layer 60 to the manufacture approach of the magnetic head 
by 

the gestalt of said 1st operation) by which the magnetic head by the 
gestalt of said 5th operation mentioned above the magnetic head by the 



gestalt of said 5th operation, and the magnetic head with the same 

configuration, and the same manufacture approach. The configuration of 
the 

main each class was carried out as shown in the following table 3. 
Moreover, with this sample, the width of recording track tw of the GMR 



component 2 was set to 130nm. when the head output of the sample of an 



example 3 was measured, it is 2.3mv and the high head output was 

obtained. 

[0133] 

[A table 3] 



[0134] As mentioned above, although the example was explained to the 
gestalt and its modification list of each operation of this invention, 



this invention is not limited to these examples. 

[0135] For example, a pin layer (antiferromagnetism layer) may be in 
the 
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case where it is in the lower part (substrate side) by the 
non-magnetic 

layer, and the upper part (substrate opposite hand), by gmr membrane 

structure. This invention can be applied even if it is which case. 
[0136] Moreover, although the example which used the magneto- resistive 



effect component (gmr component) by this invention for the magnetic 
head 

was given with the gestalt of each operation mentioned above, the 

magneto- resistive effect component by this invention is applicable to 

other various applications. 
[0137] 

[Effect of the invention] Though it is a magneto- resistive effect 
component with the CPP structure using the spin bulb film according to 



this invention as explained above, the magneto- resistive effect 
component 

which can raise MR ratio on actual compared with the former can be 
offered. 

[0138] Moreover, according to this invention, the magnetic head which 
can 

acquire a high power signal also in a narrow track, and can attain 
high 

record recording density-ization can be offered by using such a 
magneto- resistive effect component. 

[0139] Furthermore, according to this invention, the head suspension 
assembly which can attain high recording density-ization of a magnetic 



disk drive etc. can be offered. 



[Translation done.] 
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